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 1. Introduction 
1.1 The fish immune system 
1.1.1 The morphology of the immune system in teleost fish 
The morphology, structure and form of the immune system is quite different between fish and 
mammals (Press & Evensen, 1999) although genetic differences between these two family may be 
small and some molecular and cellular agents similar. The obvious main difference is that fish lack 
a bone marrow and lymph nodes, moreover in teleosts the kidney is a major lymphoid organ in 
addition to the thymus, spleen and mucosa associated lymphoid tissues. 
The fish lymphoid tissues in general are composed of a reticular cell framework supporting 
migratory and non-migratory cell populations. The cell populations constitute the structural 
elements responsible for the non-specific and specific immune defences and include lymphocytes, 
monocytes, macrophages, granulocytes and thrombocytes (Press & Evensen, 1999).  
Lymphocytes, which make up the majority of the white cell population (greater than 90%), have 
been further divided into immunoglobulin-positive B cells and immunoglobulin-negative T cells 
(Press & Evensen, 1999). Lymphocytes are present in the circulating blood and lymph and are 
found in the major lymphoid organs of fish: thymus, kidney and spleen. In addition, growing 
evidence indicates that the skin, gills and gut, should be regarded as immune-reactive tissues where, 
under certain physiological or pathological circumstances, the number of lymphocytes present may 
be greatly increased and large number of antibody producing cells can be found (Lin et al., 1998). 
Monocytes are found in the kidney and in small numbers in the blood. They are considered to be the 
precursors of tissue macrophages, being capable of migrating in the blood to inflammatory sites, 
differentiating into macrophages when and where necessary. Macrophages in teleosts are 
widespread in tissues, including the gills (Lin et al., 1998) and the body cavity (Afonso et al., 
1998), but are mainly found as reticuloendothelial cells in the kidney and, in some species, in the 
atrium of the heart (Press & Evensen, 1999). Fish do not have the equivalent of Kupffer cells in the 
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liver. Melanomacrophages are a distinct population of pigment-containing cells present in the 
haemopoietic tissues of the spleen and kidney, and in the periportal areas of the liver. These 
macrophages contain heterogeneous inclusions, the most frequent of which are melanin, 
haemosiderin and lipofuscin (Agius & Agbede, 1984).  
Neutrophils in fish have very similar morphological and histochemical staining properties to 
mammalian neutrophils. They are present in the kidney, spleen and blood, and in inflammatory 
lesions (Afonso et al., 1998). Neutrophils are phagocytic, bactericidal and chemotactic (Secombes, 
1996). 
Other cell types normally encountered in fish are mast cells, dendritic cells (Press & Evensen, 1999) 
and. natural killer (NK)-like cells. These latter, that spontaneously kill allogenic, xenogenic and 
virus-infected target cells, have been demonstrated in several fish species (Nakanishi & Okamoto, 
2002).  
As mentioned above the major lymphoid tissues in teleosts are the thymus, kidney, spleen and 
mucosa-associated lymphoid tissue including the gut and the gills. 
 
Thymus 
The thymus is a paired organ situated in the dorsolateral region of the gill chamber. In particular in 
teleosts, the thymus is located on the superior edge of the gill cover, close to the opercular cavity. 
The histology of the thymus can vary considerably between the different fish species. 
The thymus lies on a connective tissue layer and is covered by the modified stratified epithelium of 
the gill chamber. The thymocytes are separated from the water environment of the gill chamber by a 
single epithelial cell layer. The epithelium extends trabeculae into the parenchyma of the thymus 
and the so called epithelial-reticular cells creates a three-dimensional network in which the 
thymocytes and the macrophages are dispersed. The thymus is often referred as an intraepithelial 
organ which reflect this anatomical organization. 
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In the thymus, an outer cortical layer and an inner medullary layer can usually be distinguished, 
although the delineation between the cortex and the medulla varies between species, and in general 
the separation between these two zones may also be not very distinct. The cortex usually contains a 
higher density of thymocytes than the medulla and relatively few epithelial cells, which  are 
characterised by long and slender cellular projections. The medulla is less densely populated by 
thymocytes but the epithelial cells are more prominent and form a supporting meshwork. The 
vascular supply to the thymus is best developed in the medulla. The involution of the thymus with 
age as seen in higher vertebrates is not a consistent feature in fish (Press & Evensen, 1999). 
 
Kidney 
As in all vertebrates, the kidney is located retroperitoneally. The foremost part of the kidney in 
teleosts lacks excretory tissue and is often referred to as the head kidney. It is predominantly a 
lympho-myeloid compartment. The head kidney is an important haematopoietic organ and has 
morphological similarities with the bone marrow in higher vertebrates (Press & Evensen, 1999). At 
the same time, the head kidney also serves as a secondary lymphoid organ, a lymph node analogue, 
important in the induction and elaboration of immune response. The parenchima of the head kidney 
is dispersed between an extensive system of sinusoids and is supported by the stroma of the kidney. 
The stroma is also frequently referred to as reticulo-endothelial stroma that consist of endothelial 
cells (lining the sinusoids), the adventitial cells, which cover the abluminal surface of the 
endothelial cells, and finally the reticular cells, which have a phagocytic capacity. The stroma of the 
head kidney serves to support the hematopoietic tissue but also has an important role in nonspecific 
immunity and the clearance of debris and damaged cells. The head kidney is a major producer of 
antibody and the melanomacrophage accumulations of the parenchima are able to retain antigens 
for long periods of time after administration or vaccination (Press et al., 1996). 
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Spleen 
The spleen has a fibrous capsule and small trabeculae extend into the parenchyma, which can be 
divide into a red and white pulp. The red pulp, which may occupy the majority of the organ  consist 
of a reticular cell network supporting blood-filled sinusoids that hold different cell populations 
including macrophages and lymphocytes. The white pulp is often poorly developed but may be 
divided into two compartments: the melanomacrophage accumulations and the ellipsoids. In non-
salmonid species, aggregations of closely packed melanomacrophages form melanomacrophages 
centers , which may be bound by a thin argyrophilic capsule, surronded by white pulp and 
associated with thin walled, narrow blood vessels (Press & Evensen, 1999). However in salmonids, 
the accumulation of melanomacrophages are less well-defined and lack a capsule, but the 
association with blood vessels and lymphocytes is retained (Press et al., 1994). Melanomacrophages 
centers of the spleen are major sites of eritrocyte distruction and in general have been considered to 
be metabolic dumps (Agius & Agbede, 1984). The ability of melanomacrophages centers to retain 
antigens for long periods, possibly in the form of immune complexes, has drawn comparisons with 
germinal centres of higher vertebrates (Press & Evensen, 1999). However follicular dendritic cells 
have not been demonstrated in fish (Press & Evensen, 1999). The ellipsoids are arteriole 
terminations with narrow lumen that run trough a sheath of reticular fibres, reticular cells and 
macrophages. Ellipsoids appear to have a specialised function for plasma filtration and for the 
trapping of blood-borne substances, particularly immune-complexes (Press & Evensen, 1999). 
 
Mucosa associated lymphoid tissue (MALT) 
The MALT in teleosts include the gut, skin and gills (Press & Evensen, 1999). These tissues with 
their layer of mucus and array of non-specific immune defences are exposed to the external 
environment and form the initial barrier to invasion by pathogens. Teleosts lack organised gut-
associated lymphoid tissue such as the Peyer’s patches of mammals but the gut contains populations 
of leucocytes, including macrophages, lymphocytes, mast cells, granulocytes and plasma cells. 
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Leucocytes and plasma cells are also present in the skin and in the gills, and antigens can be taken 
up by their epithelia (Press & Evensen, 1999). 
 
Macrophage aggregates (MAs) and their role in fish pathology 
Macrophage aggregates (MAs), also called as melanomacrophages centers, are focal accumulations 
of pigmented macrophages occurring primarily in hematopoietic and hepatic tissues of 
poikilothermic animals, particularly teleostes fish (Agius & Roberts, 2003; Schwindt et al., 2006). 
In the more ancestral teleosts, such as Clupeiformes and Salmoniformes, MAs are more difficult to 
define because they are poorly organized, irregularly shaped and smaller compared to the more 
derived fish which possess discrete aggregations (Agius & Roberts, 2003). These structures are 
easily visualized in histological sections through the presence of three pigments: hemosiderin, 
melanin and ceroid/lipofuscin (Fournie et al., 2001). The pigments contained within the MAs range 
in color from gold to brown to black in hematoxylin and eosin stained slides (Agius & Roberts, 
2003). The morphological appearance of the MAs may vary in different physiological and 
pathological conditions within the same species, such as age (Fournie et al., 2001), starvation and 
tissue breakdown (Agius & Roberts, 1981), iron and haemoglobin metabolism (Fulop & McMillan, 
1984), pathological and infiammatory conditions (Agius & Roberts, 2003) and immunological 
processes, including antigen trapping (Fulop & McMillan, 1984; Agius & Roberts, 2003). Their 
function has been associated with (1) immunity (inflammatory and humoral responses), (2) cell and 
compound storage, destruction and detoxification; and (3) iron recycling (Fournie et al., 2001; 
Russo & Yanong, 2007). Pathogens induce MAs, particularly parasites associated with chronic, 
focal infections (Vogelbein et al., 1987).  
For all these reasons MAs have been suggested as a possible biomarker of the health status of wild 
fish populations (Agius & Roberts, 2003). The utility of MAs as a biomarker for non-specific 
contaminant exposure has been demonstrated in particular in ecotoxicology studies that used fish  as 
sentinel species (Fournie et al., 2001; Patino et al., 2003; Capps et al., 2004). This broad application 
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of MAs for assessment of fish and environment health has been well-documented in many fish 
species, and recently has been investigated also for the salmonids species (Schwindt et al., 2006). 
 
1.1.2 Innate (non specific) immunity of fish 
It is customary to divide the immune system into the innate (non-specific) and the acquired 
(specific) immune system. The innate immune system is the only defence weapon of invertebrates 
and a fundamental defence mechanism of fish which plays an important role in combating infection 
(Magnadottir 2006). The reason is basically the intrinsec inefficency of the acquired immune 
response of fish due to its evolutionary status and poikilothermic nature which results in a limited 
antibody repertoire, affinity maturation and memory and a slow lymphocyte proliferation. The 
acquired immune response is therefore sluggish (up to 12 weeks) compared to the instant and 
relatively temperature independent innate immune response (Magnadottir 2006). The innate 
immune response is also important in activating an acquired immune response. In mammals the 
activation of innate recognition components, trough the stimulation of phagocytes, production of 
cytokines and chemokines and activation of the complement system and various cell receptors, 
stimulate T- and B-cells and antigen presenting cells (Magnadottir 2006). Although less studied in 
fish a similar communication probably takes place between the innate and acquired system in fish 
(Dixon & Stet, 2001). 
 
1.1.2.1 The main parameters of the innate immune system 
The innate immune parameters have been extensively studied in fish, both with respect to practical 
immunoprophylactic measures and in comparative or evolutionary immunology (Magnadottir 
2006). Most of the parameters of the innate immune system of fish are shared by invertebrates and 
higher vertebrates. The components of the innate immune system are commonly divided into 
physical parameters, cellular and humoral factors.  
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Physical parameters. Fish scales, mucous surfaces of skin and gills and the epidermis act as the first 
barrier against infection (Ellis 2001). The important defence role of the mucus is well known and 
has been studied in several fish species (Fast et al., 2002). Apart from efficient trapping and 
sloughing of pathogens, fish mucus contains immune parameters like lectins, pentraxins, lysozyme, 
complement proteins, antibacterial peptides and IgM (Magnadottir 2006). 
The cells of the innate system. The key cells of the innate immune system are: the phagocytic cells 
(granulocytes neutrophils and monocytes/macrophages) and the non-specific cytotoxic cells 
(citotoxic T cells, TCL). Epithelial and dendritic cells also partecipate in the innate defence in fish 
(Magnadottir 2006). 
Humoral parameters. The classification of humoral parameters is commonly based on their pattern 
recognition specifities or effector functions. Transferrin acts as a growth inhibitor of bacteria by 
chelating avaible iron essential for the bacterial maintenance (Magnadottir et al., 2005). It is also an 
acute phase protein invoked during an infiammatory response to remove iron from damaged tissue 
and an activator of fish macrophages (Magnadottir 2006). Interferon is another growth inhibitor 
which induces the expression of antiviral proteins (Ellis 2001). Various protease inhibitors are 
present in fish serum and other body fluids. They are involved in acute phase reactions and in 
defence aginst pathogens which secrete proteolytic enzymes (Magnadottir 2006). The most widely 
studied is the α2-macroglobulin (α2-M) (Armstrong & Quigley, 1999). Various lytic enzymes, 
acting either singly or in a cascade, are important defence elements especially against bacteria. 
These are: hydrolases like lysozyme and chitinase, the cathepsin, the lytic pathway of the 
complement system and other bacteriolytic/haemolytic enzymes found in tissues and body fluids of 
fish (Magnadottir 2006). Mucosal or serum agglutinins and preciptins are lectins like C-type lectins 
and pentraxins. Lectins show binding specifity for different carbohydrates and the interaction of 
these carbohydrate binding proteins and carbohydrate leads to opsonization, phagocytosis and 
activation of complement system (Magnadottir 2006). Pentraxins (C-reactive protein, CRP and 
serum amyloid protein, SAP) are lectins, which are present in the body fluids of both vertebrates 
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and invertebrates and are commonly associated with the acute phase response showing significantly 
increased serum levels following tissue injury, trauma or infection (acute phase response) 
(Magnadottir 2006). Although antibodies (immunoglobulins) are an acquired immune parameter 
natural antibodies can also be classified as components of the innate system. Natural antibodies are 
produced without any apparent specific antigen stimulation and have been shown to play an 
important role in their innate/acquired immune defence (Magnadottir 2006). Natural antibodies of 
rainbow trout and goldfish take part in both bacterial and viral defence (Sinayakov et al., 2002). 
Finally, there are evidence that fish, like mammals, have a network of signalling molecules, 
cytokines and chemokines, that control and coordinate the innate and acquired immune response 
(Magnadottir 2006). 
 
1.1.2.2 The modification and manipulation of the innate immune system 
Innate immune parameters, in particular the phagocytic, lysozyme and spontaneous haemolytic 
activity, and in some cases pentraxins, have been used as indicators of the effects of inherent or 
external factors on the immune sytem and the disease resistance of fish. Factors such as genetic 
traits, seasonal factors, environmental temperature, pollution, handling and crowding stress, diets 
and food additives, immunostimulants and probiotics as well as the effects of diseses and 
vaccination can influence the innate immune system and the immune competence of fish 
(Magnadottir 2006). In particular, there is considerable interests in upregulating the innate immune 
system with the help of various immunostimulants. Some comprhensive reviews have been 
published recently covering the many immunostimulants tested in aquacolture. Their mode of 
action and application has been described as well as their enhancement of innate and acquired 
immune parameters and effects on survival and disesae resistance (Siwicki et al., 1998; Sakai 
1999). 
Immunostimulants increase resistance to infectious disease, not by enhancing specific immune 
responses, but by enhanching non-specific defence mechanisms (Sakai 1999). Therefore there is no 
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memory component and the response is likely to be of short duration. Use of these 
immunostimulants is an effective means of increasing the immunocompetency and disease 
resistance of fish (Sakai 1999). Research into fish immunostimulants is developing and many 
agents are curently in use in the aquaculture industry. In general immunostimulants or immuno 
modulators comprise a group of synthetic and biological compounds that enhance the cell-mediated 
and humoral-mediated immunity in animals (Siwicki et al., 1998). Several promising drugs, 
adjuvants and biological modifiers have been tested in vitro and in vivo in fish  They include 
chemical agents, bacterial components, polisaccharides, animal or planct extracts nutritional factors 
and cytokines (Siwicki et al., 1998; Sakai 1999). Complete Freund’s adjuvant (FCA) was one of the 
first imunostimulants used in animals and humans to elevate the specific immune response against 
incorporated antigens, (Olivier et al., 1985). Other immunostimulants and biological response 
modifiers that have been used in fish research include synthetic levamisole, bacterial 
lipopolysaccharides and glucans (Siwicki et al., 1998). Each substance presents special problems in 
timing and methods of administration by injection, immersion, orally or flush treatments, and 
dosage adjustment for size and fish species. An additional consideration is that the nonspecific 
defence mechanisms and specific cellular and humoral responses are highly variable among 
individuals and statistical validation requires appropriate sample number and carefully controlled 
experiments. The preliminary studies, assaying the influence of the biostimulants can be done in 
vitro (Siwicki et al., 1990). The influence of immunomodulators on the fish cellular defence 
mechanisms can be followed by taken samples of non lethal blood and hematopoiethic organs and 
observing changes in leukocyte numbers, activity and functions. Macrophages/monocytes, 
neutrophils and other phagocytic cells increase the enzyme mobilisation, oxydative radical 
production and phagocytic activities. Immunostimulants enhance the mitogen activities and produce 
macrophage activating factors (Siwicki et al., 1996). The subpopulation of T-lymphocytes increases 
the proliferative responses and cytotoxic activity, as well as the proliferative response, of B 
lympocytes and the level of antibody secreting cells. Complement and lysozyme activity can also be 
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influenced by the administration of immunostimulants (Sakai 1999). The effect of stimulants on 
fish humoral defence mechanisms can be followed in blood samples, analysing for changes on 
serum or plasma total Ig, specific antibody levels, lysozime and ceruloplasmin activity and 
cytokines levels (Anderson 1992; Siwicki et al., 1993; Siwicki et al., 1998). 
Immunostimulants may be used in pattern similar to those of chemotherapeutics or chemicals and in 
combination with vaccines. The fish could be prepared for a predicted event such as seasonal 
exposure to pathogens or handling stress, by a treatment prior to the event. Many environmental and 
physiological variables will influence experiments and protocols for the use of immunostimulants in 
fish, including timing, dosage requirements, environmental temperature, stability of each 
component, the characteristic of the vaccine and species of fish. 
 
1.1.3 The acquired (specific) immune system 
Lymphocytes represent the so called “immunocompetent cells”. It is now well estabilished that fish 
possess lymphocyte populations equivalent to mammalian B-and T-cells. B-lymphocytes and T-
lymphocytes are involved in the immune response and are responsible for initiating and mediating 
all the aspects of specific immunity.  
Two immunological reactions against foreign antigens can be distinguished: (1) the humoral 
immune response, involving the production of immunoglobulins by plasma cells; (2) the cell 
mediated immune response, mediated by thymus-derived lymphocytes.  
To date, much work has been done on humoral immunity, and knowledge on antibodies has greatly 
accumulated in fish immunology Little is known about cell-mediated immunity (the function of 
cytotoxic T cells), in spite of accumulating evidence that cell mediated immunity and/or local 
immunity play important roles in the protection against pathogens (Nakanishi & Okamoto, 1999).  
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1.1.3.1 Cell-mediated immunity (CMI). 
In mammals CMI is a function of T cells. These cells act directly, as in specific cytotoxicity 
reactions (T killers cells), or indirectly, via the antigen-stymulated release of lymphokines which 
recruit and activate other cell types, particularly macrophages, into executing the response. In fish, 
which have a well differentiated thymus (like all jawed vertebrates), it is also clear that cell-
mediated immunity depend on T-lymphocytes. A cell mediated immune response has been clearly 
demonstrated by in vitro mixed leucocyte reactivity, cytokine production and cell proliferation 
induced by T-cell mitogens or antigens (Partula 1999). An in vivo T-cell response has also been 
shown by graft rejection and delayed type hypersensivity reaction (Partula 1999). These features 
suggest that teleosts possess specific cell-mediated immunity as characterized by antigen specificity 
and immunological memory (Nakanishi et al., 2002).  
T-cells recognize antigens only on the surface of other cells in the context of polymorphic cell-
surface molecules encoded by the MHC. In contrast to B-lymphocytes, which express and secrete 
immunoglobulin, T-lymphocytes express a specific membrane-bound protein called the T-cell 
receptor (TCR). The TCR which is an oligomeric complex has two functional subunits: ligand-
binding and signal-transducing. TCR cells recognise processed immunogenic peptides presented by 
class I or class II MHC molecules (Partula 1999). 
Specific marker for T-lymphocytes. The piscine equivalents of mammalian T-lymphocytes have 
been demonstrated by their physiological properties and the absence of surface immunoglobulin 
(sIg-). Until recently T-like lymphocytes in fish have been only described as surface 
immunoglobulin negative (sIg-) cells. Indeed monoclonal antibodies raised against fish 
immunoglobulin have been used to label and separate sIg+ B-lymphocytes from sIg- population 
(Partula 1999). In the light of the typical functional reactions described above and their parallels 
with the mammalian system, it is expected that T-like lymhocyte subset exist in fish. However , it is 
still not possible to distinguish CD4+ and CD8+ cells, due to the difficulty of defining definitive T 
cell surface markers (CD4, CD8, CD3) in spite of considerable efforts (Partula 1999). Monoclonal 
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antibodies specific for particular fish cell populations are few; among lymphocytes they are mainly 
restricted to the B cell lineage (Partula 1999). Nevertheless some attemps to generate antibodies that 
react with T-cell marker in fish have been successful. An important step for the study of fish T-cells 
would be the avaibility of mAb strictly specific for the TCR, because they are prerequisite for the 
ontogeny, migration, homing and peripheral distribution of T-lymphocytes . Although a large 
number of different TCR sequences are known, no specific mAb have yet been generated. For this 
reason, the use of more sophisticated techniques such as in situ hybridization of TCR transcripts, 
have to be used for the present to detect fish T-cells in different haemapoietic organs (Partula 1999). 
1.1.3.2 Specific humoral response  
Antibody production is the primary result of the specific immune response, and unique in the fish 
physiology because these immunoglobulin molecules are specificaly directed against individual 
antigens. The common Ig in fish is a tetrameric form of antibody and is usually designated as IgM 
(Siwichi et al., 1998; Verho et al., 2005). The antibody is a recognition molecule and as such has 
several functions: 
-it can complex with antigens and initiate other serum proteins to begin a complement cascade in 
lysing invasive pathogens, 
-it can be stationary or attached to cells or act as a communicator to direct circulating cytotoic cells 
to recognize and attack athogenic agents. 
The initiation of the specific immune response is controlled by monocytes/macrophages (MN) 
phagocytic cells (antigen presenting cells, APC) involved in particle or antigen uptake. The 
information concerning “what to make antibody against” is transferred to the B cells. Complex 
receptors on the cells, such as the major histocompatibility complexes (MHCs), that guide the 
selection of the antibody, assisted by messanger chemical molecules, cytokines and interleukins, 
that are involved in the expression and control antibody secretion (Sakai 1999). Many of these 
messanger molecules are produced by subpopulation of T-lymphocytes, cytotoxic cells and 
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phagocytes. Indeed, many of these cells, armed by information on what to attack physically 
partecipate in destruction of the pathogens. The specific immune response, in contrast to 
nonspecific defence mechanisms, can hold memory, and when the animal meet the pathogen for a 
second time, antibody is more rapidly produced and in a greater quantity (Sakai 1999). 
 
1.1.4 Immunity to bacteria in fish 
Knowledge about the immune defense mecchanisms of fish against bacteria is important in terms of 
control and prevention. Fish have many non-specific and specific humoral and cell-mediated 
mechanisms to resist bacterial diseases. In order to infect the host and multiply in the tissues, 
bacterial pathogens must overcome or avoid these defences and in many cases, in order to resist an 
infectious challenge, the immune responses of the fish must react in a concerted multifactorial 
manner (Ellis 1999). When a fish initially encounters a pathogen, the non specific defence 
mecchanisms are more important than the specific immune response, as the latter requires a long 
time for antibody to build up a specific cellular activation. In general, fish have short life spans and 
most live in cool water environments which slows the development of the sepcific immune response 
(Siwicki et al., 1998). 
The immune defence mechanisms of fish against bacteria, including non-specific humoral factors 
and specific humoral and cellular mechanisms, will be overviewed in the following paragraphs. 
Non specific humoral factors. Non specific humoral factors include growth inhibiting substances, 
(transferrin, antiproteases and lectins); lysins (proteases, lysozyme, C-reactive protein (CRP), 
bactericidal peptides and mostly importantly, complement which has lytic, proinflammatory, 
chemotactic and opsonic activities thus making a link with non-specific phagocyte response) (Ellis 
1999). 
Non specific cell-mediated response. Phagocytic cells play an important role in antibacterial 
defences. The principal cells involved are neutrophils and macrophages. Their roles in defence 
mechanisms have been reviewed by Secombes (1996). Briefly, these cells can iternalize bacteria 
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and kill them by production of reactive oxygen species (ROS) during the so-called respiratory burst. 
These products include the superoxide anion (O2), H2O2 and the hydroxyl free radical (OHv) which 
have potent bactericidal activity. 
In addition, neutrophils contain myeloperoxidase (MPO) in their cytoplasmic granules (Afonso et 
al., 1997). MPO in the presence of halide ions and H2O2 can kill bacteria by halogenation of the 
bacterial cell walls as well as production of bactericidal hypohalite ions. Neutrophils and 
macrophages contain lysozyme and other hydrolytic enzymes in their lysosomes. Fish macrophages 
can also produce nitric oxide (NO), which in mammals can form potent bactericidal agents like 
peroxynitrites and hydroxyl free radical (OH•) (Secombes 1996). 
Specific cell-mediated mechanisms. Activated macrophages probably play an important role in 
defence against many bacterial pathogens especially A. salmonicida and R. salmoninarum. 
Activated fish macrophages exhibit higher production of ROS and increased bactericidal activity. 
Activation may occur via various pathways (Secombes 1996) but principally via a macrophage 
activating factor (believed to be interferon gamma) produced by T-lymphocytes stimulated by 
antigens (or mitogen) (Ellis 1999). 
Specific humoral defense. Fish IgM is an avid agglutinator and activates the classical pathway of 
complement (CP), leading to lysis of the target microbe. However, some virulent strains of bacterial 
fish pathogens, such as Areomonas salmonicida, Vibrio anguillarum and Flavobacterium 
psychrophilum, are capable of avoiding complement-mediated killing (Verho et al., 2005). 
Another important function of IgM is enhancement of phagocytosis. Specific IgM together with 
complement enhances the phagocytosis of target -particles, whereas IgM alone is usually a rather 
inefficient opsonin (Vehro et al., 2005). 
Antibodies are important in immunity to bacterial pathogens in a variety of ways: 
Production of anti-adhesins. Bacteria must first adhere to the surface epithelium of the fish host and 
to do so they possess a variety of structures in their cell wall. Antibodies which react with these 
adhesins may help prevent the bacteria gaining access. Fish produce antibodies in mucosal tissue 
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like the gut (Davidson et al., 1993) and gill (Davidson et al., 1997; Joosten et al., 1997) and 
antibodies have been detected in the mucus of gill (Lumsden et al., 1995) and skin (Rombout et al., 
1993). However, fish lack secretory antibody similar to mammalian IgA which is resistant to 
proteolytic degradation in the gut.  
Production of anti-toxins. Many bacterial pathogens produce potent toxins and antibodies which 
neutralise them may have a protective role. Atypical strains of Aeromonas salmonicida (ssp. 
achromogenes) produce a potent lethal metallo-proteinase and an antibody response against this 
toxin confers good protection against experimental challenge (Gudmundsdottir & Magnadottir, 
1997). 
Production of anti-invasins. Some bacteria are capable of invading non-phagocytic host cells, thus 
avoiding many defence mechanisms. Antibodies which block such invasion could be protective by 
rendering the pathogen exposed to various other means of elimination (Ellis 1999) 
Activation of classical complement pathway (CCP). Antibodies bound to the surface of a bacterium 
activate the CCP. In this way a greater amount of complement may be activated compared with the 
alternative complement pathway (ACP) or the antibody may direct the CCP to sites on the bacterial 
wall where the complement can do most damage. 
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 1.1 .Main bacterial pathogens in rainbow trout 
The septicemic processes caused by Gram-positive cocci commonly denominated as 
Streptococcosis represent the major bacterial disease conditions caused by Gram-positive bacteria 
which occur in rainbow trout, Onchorhyncus mykiss, in italian freshwater farms Taxonomy reveals 
that at least 6 different species of Gram-positive cocci including streptococci (Domenech et al., 
1996), lactococci (Eldar et al., 1996), and vagococci (Eldar & Ghittino, 1999), are responsible for 
such conditions.  
The major infectious diseases caused by Gram-negative bacteria:are: enteric redmouth disease 
(ERM) by Yersinia ruckeri; furuncolosis, caused by Aeromonas salmonicida ; Vibriosis, caused by 
Vibrio salmonicida; and infections with Flavobacterium psychrophilum (syn. Flexibacter 
psychrophilus) called coldwater disease or rainbow trout fry sindrome (RTFS). All are well known 
diseases identified in rainbow trout. We will analyse more in details Y. ruckeri infection. 
 
1.2.1 Major infectious diseases caused by Gram-positive bacteria 
The septicemic processes caused by Gram-positive cocci commonly denominated as 
Streptococcosis are not new. During the last decade, Gram-positive cocci have become important 
fish pathogens (Eldar & Ghittino, 1999). Epidemic and sporadic diseases have been reported from 
different part of the world including Italy (Gittino & Prearo, 1992). Infections with Gram-positive 
cocci are followed by non-specific lesions such as haemorrhage, opthalmitis and congestion 
(Domenech et al., 1996; Eldar & Ghittino, 1999). From an etiological point of view, streptococcal 
diseases can be divided into two groups: warm water infections, caused by the cocci species 
Lactococcus garvieae, Streptococcus iniae, Streptococcus agalactiae and Streptococcus parauberis 
that are pathogenic for both cultured freshwater and marine fish at water temperature above 15°C, 
and coldwater infections, caused by those cocci species Vagococcus salmoninarum and 
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Lactococcus piscium that are pathogenic exclusively for salmonid fish at temperature below 15 °C 
(Eldar & Ghittino, 1999). 
 
1.2.1.1 Lactococcus garvieae and Streptococcus iniae infections in rainbow trout 
Lactococcosis is a kind of streptococcosis caused by Lactococcus garvieae; it is an emerging 
pathology affecting a variety of fish species all over the world (Vendrell et al., 2006). Outbreaks 
affecting rainbow trout have been reported in several countries, such as Australia, Japan, South 
Africa, Taiwan, England and countries of the Mediterranea area (Vendrell et al., 2006). The losses 
produced can exceed approximately the 50-80 % of the fish population (Ghittino & Prearo, 1992). 
The etiological agent, Lactococcus garvieae (L. garvieae), has been isolated as causative agent of 
disease in rainbow trout and in other fish species (Vendrell et al., 2006). Rainbow trout is the most 
sensitive species and suffers acute disease associated with elevated mortalities compared to other 
fish species. Other species like common carp (Cyprinus carpio) are resistent to the disease (Eldar et 
al., 1995).  
Lactococcosis has been defined as a hyperacute and haemorrhagic septicemia (Bercovier et al., 
1997), although the evolution of the disease depends on the environmental conditions where fish are 
kept, fundamentally the water temperature and water microbiological quality (Vendrell et al., 2006). 
Water temperature is most important in the develpment of the disease, which is seasonal. The 
disease is associated with high water temperature. Most acute outbreaks occur when water 
temperature is over 18° C, although acute outbreaks have been described with water temperature of 
14-15 °C. Furthermore, bad water quality caused by poor sanitary conditions in fish farms 
influences evolution of the disease. The disease become more pronuncied when the aquatic 
environment is poor, also, excesive ammonium concentration causes an increase in mortality 
(Hurvitz et al., 1997). L. garvieae causes serious economic losses due to the elevated rates of 
mortality (up to 50%), decreasing of growth rates and the appearance of the diseased fish make 
them unmarketable (Vendrell et al., 2006). Transmission of the disease is mainly by horizontal 
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mechanisms. Direct transmission between fish that live in the same ponds is the most important, 
through the water, especially if fish injuries exist, or by the feco-oral route. Asymptomatic carriers 
are the main infection source. They carry L. garvieae and can eliminate microrganisms in feces, 
infecting the rest of the healthy animals in the ponds. Also, some fish that have recovered from L. 
garvieae infection continue disseminating the agent for a certain period . 
The major gross pathological signs that characterized L garvieae infection included anorexya, 
melanosis, lethargy, loss of orentation and erratyc swimming. Typical external signs of affected fish 
are exophtalmia (uni-or bilateral), the presence haemorrhage in the periorbital and intraocular area, 
the base of fins, the perianal region, the opercula and the bucal region. It is also very common to 
observe fish with swollen abdomen and anal prolapsus (Eldar & Ghittino 1999; Muzquiz et al., 
1999). L. garvieae produces lesions in the vascular endothelium that cause blood extravasation, 
leading to haemorrhage and petechias at the surfaces of internal organs (Vendrell et al., 2006). Over 
the external surface it intensely affects the most irrigated tissues such as perianal or buccal areas 
and fins. Pathogenic activity is mediated by toxins that have ability to reproduce clinical symptoms 
when they are inoculated in fish (Vendrell et al., 2006). 
At necropsy the peritoneal cavity usually presents an accumulation of ascitic fluid, which may be 
purulent or may contain blood. The main organs affected are the spleen, liver, brain, gut, kidney and 
heart (Pereira et al., 2004; Vendrell et al., 2006). Macroscopic lesions in affected fish are typical of 
an acute systemic disease with strong congestion in internal organs, haemorrhage in the swim 
bladder, intestine, liver, peritoneum, spleen and kidney (Vendrell et al., 2006). Also, enlargment of 
the spleen, focal areas of necrosis in the liver and spleen, pericarditis, haemorrhagic fluid in the 
intestine, and yellowish exudate covering the brain surface are typically observed (Vendrell et al., 
2006). It has been observed in several experimental tests that incubation period of the disease is 
very short and the microrganism acts with high virulence: it has been reported that intraperitoneal 
experimental infection in rainbow trout caused the first symptoms and death 3-day post-inoculation 
(Muzquiz et al., 1999). 
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 Streptococcus iniae (S. iniae) was first described as a pathogen of fish in 1994, when it was cultured 
from diseased tilapines Oreochromis spp and rainbow trout in Israel (Eldar et al., 1994). S. iniae is 
present in different parts of the world and among various fresh- and salt-water fish species; it 
therefore represents an emerging pathogen of increasing clinical significance (Lahav et al., 2004). 
Compared to L. garvieae , which produces a generalized disease and rapid death of infected trout, S. 
iniae infection is characterized by a more prolonged course with specific lesions (Eldar & Ghittino, 
1999). In S. iniae-infected rainbow trout, the disease is characterized by a subacute to acute course 
with specific lesions the hallmarks of which are panopthalmitis and meningitis; pathological 
changes in other organs are minor (Eldar & Ghittino, 1999). Recently, in Israel, novel virulent strain 
of S. iniae were isolated from diseased rainbow trout that showed major pathological changes, 
suggesting a severe generalized disease (Lahav et al., 2004). The new strains were characterized as 
Serotype II strains; they differed from ‘classical’ type I strains by serologycal, phenotypic and 
genetic criteria (Bachrach et al., 2001). S. iniae type II strains have also been detected in the USA, 
indicating the wide distribution of S. iniae variants (Barnes et al., 2003). Eldar & Ghittino (1999) 
described the pathological outcomes of infections of rainbow trout by S. iniae serotype II. Their 
results indicate that Serotype II strains produce an acute septic disease accompanied by multisystem 
organ involvment. The major gross pathological findings that characterized S. iniae type II infection 
included lethargy, discoloration, gill pallor, bilateral corneal opacity and exopthalmia (observed in 
80 to 100% of fish) (Lahav et al., 2004). Skin ecchimothic haemorrhage were present mainly on the 
lateral side and around the anal area; haemorrhage in the anterior chamber of the eye was also a 
common finding. Haemorrhage was more pronunced in the internal organs (particularly the spleen 
and the fat tissue around the intestine), and consisted of multifocal to coalescent petecchiae. The 
most consistent visceral abnormality was splenomegaly. Other internal lesions (congested kidneys, 
dilated intestine) were present with a lower prevalence among examined fish. These macroscopic 
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and clinical findings point to an acute disesae that differs from that observed in S. iniae type I 
infection (Lahav et al., 2004). 
 
1.2.1.2 Vagococcus salmoninarum infection in rainbow trout 
Among emerging pathologies of rainbow trout, vagococcosis, or Vagococcus salmoninarum 
infection, is assuming a notable importance. V. salmoninarum is the third taxon of Gram-positive 
cocci involved in diseases of salmonids (Michel et al., 1997). This cocci species is pathogenic 
exlusively for salmonids species at temperature below 15°C (cold water infections) (Eldar & 
Ghittino, 1999). The disease caused by V. salmoninarum in trout is notably different from both the 
hyperacute disease following L. garvieae infection and the subacute-acute disease of trout resulting 
from S. inieae infection. V. salmoninarum mainly infected broodstock fish held in cold water, 
producing hyperemia and chronic disease characterized by tegumentary lesions and a proliferative 
response of the cardiovascular system (Eldar & Ghittino, 1999). A recent monitoring has pointed 
out its widespread in some mountain districts of Central Italy (Ghittino et al., 2004). The disease 
was observed exlusively in farms supplied with cold water (8-11°C). Affected fish showed lethargy, 
anorexia, melanosis and marked bilateral exopthalmos, frequently leading to disrupton of the eye 
ball. At necropsy, gill anemia, brain congestion, hydropericarditis, spleen enlargment, slight 
hemorrhaging on the liver, the swim bladder and the peritoneum were the most common findings. 
Isolation of V. salmoninarum was obtained from almost all sampling from the eye and the brain of 
diseased trout (Ghittino et al., 2004). 
 
1.2.1.3 Renibacterium salmoninarum infections (Bacterial Kidney Disease, BKD) 
Bacterial Kidney Disease (BKD) is a chronic systemic infection of salmonids caused by 
Renibacterium salmoninarum. The pathogen, which was first described as cause of disease in 
Atlantic salmon (Salmo salar) in Scotland (Evelin et al., 1986), is widely distribuited in different 
continents including Italy (Ghittino et al., 1984). R. salmoninarum is a Gram-positive, facultatively 
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intracellular, acapsulated, non spore-forming bacterium. The pathogen probably affects all species 
of salmonid fish. Coho salmon (Onchorhynchus kisutch), Atlantic salmon (Salmo salar), chinook 
salmon (Onchorhynchus tshawytscha); fario trout (Salmo trutta) and rainbow trout (Onchorhynkus 
mykiss) seem to be particularly susceptible to this disease (Salogni et al., 2005). 
Transmission of the disease is mainly by horizontal mechanisms (McKibben & Pascho, 1999), even 
if vertical transmission can occur (Evelyn et al., 1986). The incidence and the evolution of the 
disease depend on the environmental conditions where fish are kept, in particular, water 
temperature is the most important parameter. The disease is associated with low water temperature 
within the range of 8-18°C, and epizootics were most prevalent in winter and spring when the water 
temperature was below 8°C (Earp et al., 1953). 
The disease is characterized by a subacute to acute course with aspecific clinical signs characterized 
by lethargy, melanosis, abdominal distension and mild exopthalmia (Lorenzen et al., 1991). 
Pathological changes are represented by gill pallor, external hemorrage and ascitis. The hallmarks 
of the disease are multifocal granulomatos nodules within the renal parenchima associated with 
proliferation of the porterior kidney. Nodular granulomatous lesions might also be observed within 
other internal parenchimatous organs such as spleen and liver (Salogni et al., 2005). 
 
1.2.2 Infectious diseases caused by Gram negative bacteria 
1.2.2.1 Yersinia ruckeri infection (Enteric redmouth Disease) 
Yersinia ruckeri (Yr) is the causative agent of yersiniosis or “enteric redmouth disease” (ERM) 
leading to significant economic losses in salmonid aquacolture worldwide (Tobback et al., 2007). 
Rainbow trout is the most susceptible species to the disease (Hietala et al., 1995) but other 
salmonids and other fish species such as Atlantic salmon, whitefish, perch, brown trout and 
sturgeon have also been reported to became infected (Hietala et al., 1995). Infection may result in a 
septicaemic condition with haemorrhage on the body surface and internal organs. Both the 
characteristics of Yr and the main features of the disease are described. 
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Characteristics of Yersinia ruckeri. Yr is a Gram-negative, acapsulated, non spore-forming 
bacterium which is often arranged in rods with rounded ends. As flagella are not always present, Yr 
strains show variable motility (Davies & Frerichs, 1989). Distinguishing phenotypic characteristics 
of Yr are the presence of b-galactosidase, lysine decarboxylase and ornithine decarboxylase. As in 
the other members of the Enterobacteriaceae family, Yr is glucose-fermentative, oxidase-negative 
and nitrate-reductive, whereas it does not produce H2S and indole (Ross et al. 1966).  
Yersinia ruckeri typing. Yr-strains can be classified on the basis of either biotype and serotype 
(Tobback et al., 2007). Yr strains can be divided into two biotypes, biotype 1 and 2, based on their 
capability to ferment sorbitol (Davies & Frerichs 1989). However, the major subdivisions of Yr. are 
based on whole cell serological reactions, and in this way six serovars have been distinguished. 
Whole-cell serological typing uses the combined recognition of a variety of cell surface-associated 
antigen structures, including O-antigens, flagellar antigens and envelope antigens. Serovar I or 
_Hagerman_ strains are the most frequently isolated. It is also the most virulent serovar (Ross et al., 
1966). Serovar II was described by O’Leary (1977) when he isolated a new sorbitol-fermenting 
strain of Yr. from Chinook salmon, Oncorhynchus tshawytscha (Walbaum). However, the ability to 
ferment sorbitol is not typical for serovar II, because the strains belonging to serovar V and some of 
serovar III also ferment this sugar. An Australian isolate was designated as representative for 
serovar III as it did not react with antisera to either serovar I or II (Bullock et al., 1978). Two 
Ontario isolates that did not react with antisera prepared against any of the known serovars were 
designated serovars IV (Stevenson & Airdrie, 1984) and VI (Daly et al., 1986). A new strain was 
isolated from a diseased rainbow trout in Colorado (Stevenson & Airdrie, 1984). As the antiserum 
prepared against this strain reacted only weakly with other isolates, this strain was designated 
serovar V. Since the serological variability of Yr is considerable (Davies 1990) and biochemical 
reactions also vary between the strains (Davies & Frerichs, 1989) the question concerning the 
differences in virulence of different strain has been investigated (Daly et al., 1986; Cipriano et al., 
1987), but the topic is still a matter of discussion (Hietala et al., 1995). 
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The disease. Yr was first recognized as a pathogen of rainbow trout in the northwest of the USA in 
the 1950 and has now appeared throughout different continentes, primarely in areas where trouts are 
intensively cultured (Tobback et al., 2007). Outbreaks of yersiniosis are often associated with poor 
water quality, excessive stocking densities and the occurrence of environmental stressors. Yr 
infections spread between fish by direct contact with infected animal or carriers. Yr can also persist 
in an asymptomatic carrier state where infection through carrier fish is especially important under 
stress conditions. Busch & Lingg (1975) recovered the bacterium from different organs of 
asymptomatic carrier trout, infected by immersion. They demonstrated that up to 25 % of the fish in 
a rainbow trout population could carry Yr in their low intestine. Yr is able to survive and remains 
infective in the aquatic environment and periodic shedding of the bacterium in the faeces is of great 
importance in the spread of the disease. It is now well recognized that Yr, as with many bacterial 
species in aquatic environment, is associated with surfaces and sediments (Tobback et al., 2007). 
The transmission mode of Yr has also been related to other putative vectors such as aquatic 
invertebrates and birds (Willumsen 1989). Whether vertical transmission occurs from brood fish to 
offspring is not certain. Environmental factors may have a direct influence on the pathogenicity of 
the microrganisms (Tobback et al., 2007). This is particularly the case in aquatic environments were 
both the host and the bacterium are greatly influenced by the fluctuations of ambient water 
conditions. Factors such as temperature and salinity can influence the establishment and the severity 
of Yr infections (Altinok 2004). The effect of salinity has been studied to a limited extent. Yr related 
mortality  seems to be significant lower for rainbow trout in water with slightly increased salinity 
when exposed by imersion. ERM can affect fish of all ages, but is most acute in small fish up to 
fingerling size. In larger fish, the disease appears as a more chronic condition. Changes in fish 
behaviour may be observed, including swimming near the surface and moving slowly. Affected fish 
show lethargy and are often found in areas of low flow. Haemorrhage on the body surface are a 
common finding, with reddining at the base of the fins and along the later line, as well as in the 
head region. The characteristic haemorrhage in and around the oral cavity have led to the name 
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“redmouth” disease, although these reddened areas are not apparent in some affected fish and thus 
absence of classic ‘redmouth’ does not rule out infection with Yr. Petechial haemorrhage on the 
surface of the liver, pyloric caeca, swim bladder and in the later musculature may be evident 
(Tobback et al., 2007). The spleen is often enlarged and may be almost black in colour. The 
intestine is inflammed and filled with a thick, opaque and purulent fluid. The abdomen is distended 
as a result of fluid accumulation. Exopthalmia occurs and is commonly accompanied by orbital 
haemorrhage, sometimes seen as haemorrhagic rings around the eyes (Avci & Birincioglu, 2005). 
Bacterial colonization especially occurs in well vascularized tissues such as kidney, spleen, heart, 
liver and gills and in areas of petechial haemorrhage (Rucker 1966). 
Outbreaks of ERM usually begin with low mortalities which slowly escalate and may result in high 
losses. The problem may become large-scale if chronically infected fish are exposed to stressful 
conditions such as high stocking densities and poor water quality. Severity of yersiniosis is 
dependent mainly on the virulence of the strain and the degree of environmental stress (Tobback et 
al., 2007). 
Despite the importance of ERM, little is known about the precise mechanisms by which Yr is able 
to defeat the host defences and cause disease. Intraperitoneal injection of 5x 107 live or formol-
killed Yr in rainbow trout resulted in a rapid influx of large number of neutrophils, which were 
attracted by the blood and haematopoietic organs and pahgocytosed the bacteria (Afonso et al., 
1998). Resident macrophages also phagocytosed the bacteria and have also been observed to 
phagocytose neutrophils containing bacteria (Tobback et al., 2007) whether Yr can survive inside 
macrophages and neutrophils has not yet been determined. Leucocyte phagocytosis is an important 
reaction activated in Yr immunized fish as well as antibody production (Cossarini-Dunier 1986) and 
lymphocyte proliferation (Siwichi et al., 2001). Enzyme-linked immunosorbent assay (ELISA) have 
been developed for the detection of many fish pathogens. Cossarini-Dunier (1985) developed an 
ELISA to detect and quantify specific antibodies in rainbow trout to Yr. Antibodies against the 
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pathogen have been shown to be produced following vaccination and probably play a role in 
protection (Tobback et al., 2007). 
Different diagnostic methods have been developed for Yr, including culturing, serological tests and 
molecular biological techniques. The isolation of Yr using the classic agar media is useful as the 
bacterium grows fairly rapidly. Tryptic soy agar is commonly used (Austin et al., 2003), although 
Yr also growts on MacConkey agar (Gibello et al., 1999). Yr has an optimunm growth temperature 
of 28°C, although it can grow over a wide temperature range (Stevenson et al,.1993). After 
incubation for 48 h at 25 °C on blood agar, off white, opaque colonies of aproximately 2-3 mm in 
diameter appear. The pathogen may be identified using biochemical characteristics (Tobback et al., 
2007). Based on serological characteristics, other methods may be used in detecting Yr such as 
ELISA, agglutination test and immunofluorescence antibody technique (IFAT) (Smith et al., 1987). 
Molecular techniques including polymerase chain reaction (PCR) (Altinok et al., 2001) are also 
used. Altinok et al (2001) described a PCR method for detecting Yr in the blood of rainbow trout. 
This PCR method has the advantage of being able to detect low levels of Yr and provides the 
possibility to detect asymptomatic carriers, which is very important in order to prevent the 
transmission and spread of ERM (Tobback et al., 2007). 
Control of diseases such as ERM has mainly focused on the use of antimicrobial compounds and on 
vaccination. Although Yr is sensitive to many antibiotics, such as sulphamethazine and 
oxytetracycline (Rucker 1966), acquired resistance of Yr strains to various antimicrobial agents has 
been reported. Vaccines for the prevention of the ERM disease are composed of formalin-killed 
whole bacterial cells even if, recently, interest in the use of live attenuated vaccines against bacterial 
pathogens in fish has increased (Tobback et al., 2007). Administered by immersion, spray, injection 
or oral routes, they provide good levels of protection against ERM disease. Disease outbreaks in 
fish farms do occur, however, from time to time due to the carrier state.  
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1.2.2.2 Furunculosis (Aeromonas salmonicida) 
Aeromonas salmonicida, the aetiological agent of furunculosis of salmonids includes both typical 
and atypical strains that have been isolated from an increasingly variety of salmonid and non-
salmonid fish (Treasurer et al., 2007).  
A salmonicida is a short rod-shaped (0.8x 1.3-2.0 µm), non motile, auto-agglutinating, Gram-
negative bacterium which produces powerful proteolytic enzymes that break down connective 
tissue. A salmonicida bacteria cause chronic muscle lesions that can form ulcers in the surface of 
the skin. The organism is an obbligate fish pathogen and may be readily isolated from diseased or 
apparently healthy carrier fish. Surviving infected fish commonly became carriers that shed bacteria 
after periods of stress (handling, etc.). The pathogen may survive for some weeks outside the host, 
depending upon the salinity, pH temperature and detritus levels of the water (McCarthy & Roberts 
1980).  
The disease is usually introduced to a fishery or farm by the introduction of carrier fish or from wild 
carriers in the watershed. Horizontal transmission is the principal mode of infection, with ingestion 
and abrasion being the more common routes of infection. As the organism can be shed in the 
reproductive fluids, vertical transmission may also occur, although avaible evidence indicates that 
this is likely to be a rare event (McCarthy & Roberts, 1980). Outbreaks of disease are usually but 
not exclusively associated with high temperature and low oxygen levels and high stocking densities. 
Fish of all ages may be affected. Rainbow trout are the most resistant of salmonids and Atlantic 
salmon the most susceptible. A salmonicida has also been isolated from a variety of other species of 
fish includeds strictly marine species. Furuncolosis is one of the group of septicaemia disese caused 
by Gram-negative bacteria. There is considerable variation in the clinical and pathological picture, 
depending on the pathogenity of the infecting strain, the age of the fish and the significance of 
external environmental factors such as temperature. In older fish, clinical and pathological features 
of acute haemorrhagic septicaemia may occur with or without the characteristic furuncles. These are 
raised, dark tumefactions, often on the back or sides of the fish, which eventually ulcerate to release 
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clear-blood stained fliud into the water. This exudate is very rich in microrganisms and is 
considered to be a major source of transfer of infection. Furuncles are usually considered to be 
associated with chronic infections. The furuncles result from focal localization of bacteria in the 
dermis and occasionally the epidermis, where they excite an early response of hyperaemia in the 
hypodermis and dermis, with fibrinous edema followed by massive infiltration of macrophages and 
some leucocytes. There is liquefactive necrosis of the centre of the lesion with deposition of strands 
of fibrin, along with bacteria may be distribuited, as well as many inflammatory cells (Roberts 
2001). A presumptive diagnosis of typical A salmonicida bacteria isolated from kidney tissue can be 
made by the observation of brown pigment secreted into the agar after 2-4 days. Additional 
evidence can be obtained by positive staining of the colonies by Coomassie blue (Cipriano & 
Bertolini, 1988). Confirmatory identification can be made with fluorescent antibody, ELISA or 
commercial kits. 
 
1.2.2.3 Vibriosis (Vibrio salmonicida) 
Vibrio salmonicida is specifically responsible for the condition known as coldwater vibriosis. The 
pathogen is a gram-negative, curved motile, non sporing 0.5 x 1.2-2.6µm bacteria. V salmonicida is 
a facultative anaerobe, psychropilic bacterium capable of growth at temperatures as low as 1°C. 
Optimum growth is around at 15 °C. Although predominantly a disease of Atlantic salmon, 
outbreaks have also been reported in seacultured rainbow trout and in farmed cod. The disease 
occurs in late autumn and winter and acute outbreaks are usually associated with overstocking or 
handling stresses. Fish affected by cold-water vibriosis can show a range of clinical features ranging 
from darkening of the skin and sudden death to chronic anemia. The most consistent features, 
however, are those of bacteria septicaemia, with an acute haemolytic anemia. Blood smears of 
moribund fish show a massive leucocytosis with many large macrophages laden with bacteria and 
melanosomes from ruptured melanohores. Punctuate haemorrhage are usually found over the 
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abdominal viscera. Infected cod show splenomegaly and cranial and opthalmic lesions (Egidius et 
al., 1986) 
 
1.2.2.4 Flavobacterium psycrhophilum infections in salmonids fish 
Flavobacterium psychroplilum is the causative agent of bacterial cold water disease and rainbow 
trout fry syndrome, disease entities responsible for substantial economic losses in salmonid 
aquacolture. Problems associated with epizootics include high mortality rate, increased 
susceptibility to other diseases and high labour costs of treatment (Nematollhai et al., 2003). 
The disease has been referred as peduncle disease, bacterial cold water disease and low temperature 
disease were also applied because epizootics were most prevalent in winter and spring when the 
water temperature was below 10°C (Nemathollahi et al., 2003). Other names that have been used to 
denominate the disease include fry mortality syndrome (Lorenzen et al., 1991) and rainbow trout fry 
syndrome (RTFS) (Madsen & Dalsgaard, 1998). The etiological agent, Flavobacterium 
psychrophilum, is a Gram-negative, flexible, weakly refractile bacteria. Actively growing bacteria 
in culture media are approximately 0.5 µm in diameter and between 1.25-6.25 µm in lenght 
(Nematollhai et al., 2003). Flavobacterium psychrophilum probably affects all species of salmonid 
fish. Coho salmon and rainbow trout however, seem to be particularly susceptible to this disease 
(Nematollhai et al., 2003). The pathogen has also been reported in sockeye salmon, Onchorhynchus 
nerka, chinook salmon, Onchorhynchus tshawytscha, chum salmon, Onchorhynchus keta, masou 
salmon, Onchorhyncus masou, lake trout, Salvelinus fontinalis, and cutthroat trout, Onchorhynchus 
clarki (Nematollhai et al., 2003). Flavobacterium psychrophilum can also cause disease in non-
salmonid fish. Indeed, this agent has been associated with systemic disease in eel, Anguilla 
anguilla, and three species of ciprinid in Europe: common carp, Cyprinus carpio L, crucian carp, 
Carassius carassius L, and tench, Tinca tinca L (Lehmann et al., 1991). The clinical signs of F 
psychrophilum infections as well as the mortality rate depend on the species and the size of affected 
fish. In rainbow trout, F psychrophilum is the cause of a rather specific condition, ‘rainbow trout fry 
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syndrome’ (RTFS), leading to mortalities between 10 and 30% (Bruno 1992), quite often rising to 
70 %. In fry of approximately 0.2-2 g, the most serious losses occur about 6-7 weeks following the 
onset of feeding. The most manifest sign is anemia as revealed by pale gills, kidney, intestine and 
liver. Clinically, the fry appear lethargic, inappetant and hang at the water surface. Bilateral 
exopthalmia is often present (Nematollhai et al., 2003). Histopathological examination in naturally 
and experimentally infected fry especially reveals splenic hypertrophy and cellular degeneration 
(Decostere et al., 2001). In non-salmonid species, the disease is significantly less severe. 
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 2. Objectives of the study and experimental approach 
Non specific defence mechanisms play an important role at all stages of infection. Fish particularly 
depend more heavily on these non-specific mechanisms than do mammals (Misra et al., 2006). 
Hence, in the last decade there has been increasing interest in the modulation of the non-specific 
immune system of fish as both a treatment and a prophylactic measure against disease. A number of 
substances including different peptides have been used to increase the resistance of fish by 
enhancing the non-specific defence mechanisms (Misra et al., 2006).  
Synthetic bactericidal peptide such as pleurocidin amide and cecropinmelittin hybrid peptide 
improved the survival of Coho Salmon (Oncorhynchus kisutch) experimentally challenged with 
Vibrio anguillarum (Jia et al., 2000). Another peptide FK 565 was also capable of enhancing trout 
(Oncorhynchus mykiss) survival against Aeromonas salmonicida infection (Kitao & Yoshida, 
1986). In another study, the immunomodulatory effect of nisin, a bacterial peptides produced by 
Lactococcus lactis, was reported (Villamil et al., 2003). The original decision to incorporate 
human-γ-globulins (HGG) in Freund’s Complete Adjuvant (FCA) was based on the well known 
ability of FCA to enhance both antibody- and cell mediated response in mammals (Wagland et al., 
1996) and fish (Olivier et al., 1985). 
Different administration routes (oral, immersion, injection) have produced different results. Some 
reports suggest that immunostimulants enhance the protection of fish against bacterial or protozoan 
infections when administered in the feed (Yoshida et al., 1995; Siwicki et al., 1994). However, 
there are also reports which state that no protection of fish has been obtained in such feeding 
experiments (Misra et al., 2006). Some authors have also opined that the protection obtained by oral 
administration may often be relatively low compared to injection and the individual variation in 
response to immunostimulants may be large; furthermore, intraperitoneal injection is more effective 
than intravenous injection in encouraging immune responses (Misra et al., 2006).  
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In the present work, for the first time the effect of intraperitoneal HGG injection, either alone or 
adjuvanted in FCA, on the fish non-specific immune system was studied, as well as the subsequent 
protection against the infectious pathogen Yersinia ruckeri (Yr) 
The purpose of this study was to determine if injection of HGG and FCA would enhance the non 
specific immune response and disease resistance against the experimental infection due to a selected 
strain of Yr. At the same time the protection induced by a commercial vaccine administration and 
the specific humoral response developed by the fish throughout the post vaccination period was 
evaluated. 
 
Briefly, for the experimental design, 203 adult rainbow trout were randomly assessed to 6 groups of 
about 30 fish each and treated by intraperitoneal injection (i.p.) with various combinations of HGG, 
FCA, Phosphate Buffered Saline (PBS), and formalin-inactivated Yr with and without the adjuvant 
(FCA). Pre-treated fish were challenged 40 days later with Yr using the LD50 approach. The 
occurrence of clinical signs and mortality were monitored up to 14 days and pathological findings 
were recorded. Fish were submitted to bleeding procedure before and after bacterial challenge to 
evaluate serum immunological indicators. The study has been developed trough the following 
experimental approaches: 
• characterization of specific and aspecific serum immunological parameters before and after 
the experimental challenge with Yr; 
• investigation on the prevalence of pathology and lesion distribution in challenged rainbow 
trout. 
The goal of this work was to highlight any differences among different treatment groups in 
susceptibility to the bacterium that may correlate with a preliminary stimulation of either non-
specific or specific immune factors. 
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Furthermore, we perform a morphometric study to evaluate the morphometric modifications of 
kidney MAs in the treatment groups of Yersinia ruckeri-infected rainbow trout. Morphometrical 
findings from infected fish have been compared with data from control fish. We assumed that 
kidney would be a suitable organ to perform the morphometric analyses and we hypothyzed that the 
quantification of the area occupied by MAs pigments, would be an accurate means of evaluating 
MAs in trout organs. For this purpose we evaluated the area occupied by MAs pigments and MAs 
number using a computerizing image analysis. 
Summarising the aims of this part of the study were: (1) to develop an objective and quantitatively 
rigorous method for evaluating total MAs area and MAs number in rainbow trout; (2) to determine 
if any difference exists in MAs area and number that may correlate with a preliminary specific and 
aspecific stimulation of the immune system and with the health status in different groups of Yr-
infected trout. 
 
Abbreviations: HGG, human-γ-globulins; FCA, Freund’s Complete Adjuvant; PBS, Phosphate 
Buffered Saline; LD50, Lethal Dose 50%; Yr, Yersinia ruckeri; ERM, Enteric redmouth Disease; 
i.p., intraperitoneal; d.p.c., days post challenge, MAs , macrophage aggregates. 
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 3 Materials and methods 
3.1 Fish and experimental conditions 
Two hundred and three adult rainbow trout were randomised into 6 groups, each with about 30 fish 
as follow: group A (n=32; A1-32), group B (n=35; B1-35), group C (n=33; C1-33), group D (n=35; 
D1-35), group E (n=34; E1-34), group F (n=34; F1-34). Selected fish were placed into four outdoor 
circular tanks . Each tank contained approximately 300 L of water and was connected to a separate 
recirculation system. Fish were kept at an ambient temperature of 16 ± 3°C and fed commercial dry 
pellets. Prior to initiation of experimental work, fish were acclimatised for 1 week. During injection 
and bleeding procedures the fish were anesthetised by immersion with tricaine methanesulphonate 
(MS-222, Sigma®, Milan, Italy). 
3.2 Immunisation trial 
Fish were injected intraperitoneally (i.p.) with: (i) 500 µg of HGG (Sigma®, Milan, Italy) dissolved 
in 0.1 ml of sterile 0.1 M PBS and emulsified in an equal volume of FCA, (Group A, HGG+FCA); 
(ii) 0.1 ml of sterile PBS emulsified with 0.1 ml of FCA (Group B, FCA+PBS); (iii) 500 µg of 
HGG dissolved in 0.1 ml of PBS ( Group C, HGG+PBS); (iv) 0.2 ml PBS (Group D, PBS). 
There were two additional groups of fish that were injected with the vaccine anti-Yersinia ruckeri: 
0.1 mL of vaccine (Aquavac® bocca rossa, Schering Plough) (Group E, inactivated-Yr+FCA); 0.1 
ml of vaccine emulsified in 0.1 mL of FCA (Group F: inactivated-Yr). Types of injection 
preparations used in the present experiment are given in Table 1. An overview of the experimental 
design is reported in figure 1. 
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 Figure 1. Overview of the experimental design 
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The product descriptions are reported below: 
γ-Globulins (Sigma®, Milan, Italy). Immunoglobulin G has a molecular weight of approximately 
155-160 kDa and is made up of two heavy chains, each of about 25-28 KDa. Gamma globulin 
solubility is very pH-sensitive . The product can be dissolved in 0.9% sodium chloride at 50 mg/ml; 
it is also soluble in PBS buffer at pH 7.4-7.6.  
 
Freund’s Complete Adjuvant (FCA). FCA, a mineral oil adjuvant containing killed Mycobacterium 
spp., enhances immune responses and increases the efficacy of vaccination in fish (Sakai 1999). It 
may be used to produce emulsions of immunogens. It is prepared from non metabolizable oils 
(paraffin oil and mannide monooleate). If it also contains killed Mycobacterium tuberculosis it is 
known as FCA. Without the mycobacterium it is Incomplete Freund’s Adjuvant. Each mL contains 
1 mg of Mycobacterium tuberculosis heat killed and dried, 0.85 mL paraffin oil and 0.15 mL 
mannide monooleate. Freund’s Adjuvant is designed to provide continuous release of antigens 
necessary for stimulating a strong, persistent immune response. Antigens (preferably in saline) are 
typically mixed with an equal volume of the adjuvant to form an emulsion. 
Biochemical/physiological action. The mycobacterium in FCA attracts macrophages and other cells 
to the injection site which enhances the immune response. It has been demonstrated that the 
activation of macrophages (phagocytosis and killing) in fish injected with FCA caused increased 
protection against various bacterial diseases such as vibriosis, furuncolosis and enteric redmouth 
disease (Sakai 1999). Furthermore it has been demonstrated that rainbow trout injected with FCA 
showes increases in respiratory burst, phagocytic and NK cell activity of leucocytes and protection 
against Vibrio anguillarum infection (Sakai 1999). The main disadvantage of FCA is that it can 
cause granulomas, inflammation at the inoculation site. For this reason, the FCA is used for the 
initial injections. To minimize side effects, Incomplete Freund’s Adjuvant is used for the boost. 
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3.3 Challenge. Experiment with Yersinia ruckeri 
A virulent strain of Yr (ATCC®, Yr Serovar I) was used in the experimental infection. Bacterial 
preparations were made as follows: a sample was taken from a frozen stock and cultured on blood 
agar for 3 days at 25 °C. Cultures were checked for purity and colony-forming units (cfu) estimated 
by plate counting. The isolate was cultured on multiple plates of blood agar. 
Challenge was performed by intraperitoneal (i.p.) injection. Inocula were prepared as follows: 
colonies of Yr were diluted in 0.85% physiological saline to the appropriate concentration 
corresponding approximately to 1.5 x 107 ufc mL-1 (DL50). Challenge was performed 40 days after 
the primary immunization by injection of 0.1 ml bacterial suspension of Yr isolate (containing 1.5 x 
106 ufc mL-1 for fish). Following challenge fish return to their original tank.  
 
3.4 Clinical evaluation and mortality records 
Fish were clinically monitored daily up to 14 days after challenge and mortalities were recorded and 
removed. Fish that were found moribund were removed from the tank and sacrificed by immersion 
in a solution of tricaine methane sulfonate (MMS-222) (>100mg/liter). The cause of death was 
ascertained by reisolating the infecting organism from dead fish kidney. 
3.5 Serum collection and evaluation of immune indicators 
Prior to immunization trial, 10 randomly chosen fish were bled to determine basal antibody titres. 
At 40 days following immunization, 10 fish from each group were sampled. Furthermore, following 
challenge experiment with Yr, survivor fish from each group were submitted to bleeding procedure 
(14 Post Challenge day). Blood samples from anaesthetized fish were collected by caudal vein 
puncture in non-heparinised tubes, kept at 4°C for about 4 hours and then centrifuged at 4500 rpm 
for 10 minutes. Sera obtained were stored at -20 °C in Eppendorf tubes prior to the determination of 
selected innate immune parameters. 
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3.5.1 Determination of selected innate immune parameters  
Total protein concentration, presented as mg mL-1, in plasma samples was determined by the use of 
a commercial kit (Micro Pyrogallol Red Method, Sigma, TP0400), with human serum albumin used 
as standard. 
Immunoglobulin concentration (mg mL-1) was determined following a method based on the 
measurement of total protein content in plasma prior to and after precipitating the Ig molecules with 
a 12% solution of polyethylene glycol (PEG-10,000). The difference in protein content is 
considered the total Ig concentration of sample. Although the precipitate contains 10% other plasma 
proteins (Amar et al., 2000), the method was adopted for its simplicity and for rapidly obtaining 
comparative results. 
Albumin concentration (mg mL-1) was measured by the reaction of albumin with bromocresol green 
(BCG) and the complex formed measured at a wavelength of 628 nm, using bovine serum albumin 
(BSA) as standard (Doumas et al., 1971). 
Globulin concentration (mg mL-1) was calculated by subtracting albumin values from total serum 
protein. The ratio of albumin to globulin (A/G ratio), indicative of animal health status , was 
calculated by dividing albumin values by globulin values.  
 
3.5.2 Evaluation of serum antibody response against human-γ-globulins (HGG) 
Serum antibody response against HGG was evaluated by indirect-ELISA as described by Cecchini 
et al. (2005) using flat-bottomed 96-well microtitre polystyrene plates (Nunc®, Denmark). The 
wells were coated with 100 µL of HCG (10 µg mL-1) in 50 mM carbonate coating buffer, pH 9.6, 
for overnight at 4 °C. The plates were then washed in phosphate buffer saline (PBS, pH 7.2) 
containing Tween-20 (PBS-T) and blocked with 5% ovalbumin in PBS-T (blocking buffer) for 1 h 
at 20°C. After further washing step, 100 µL of sera diluted to 1:200 with blocking buffer were 
added in duplicate. The plates were incubated for 2 h at 20°C, before the washing step. 
Subsequently, 100 µL of diluted anti-rainbow trout Ig Mab (Cedarlane®) was added to each well 
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and incubated for 2 h at 20°C. After further washing step, 100 µL of diluted horseradish peroxidase-
labelled anti-mouse IgG (Cedarlane®) was added to each well and incubated for 2 h at 20°C. The 
plates were then thoroughly washed before adding 100 µL of substrate solution (0.2 mM o-
phenylenediamine dihydrochloride plus 0.03% hydrogen peroxide substrate in 0.05 M citrate 
phosphate buffer, pH 5) to each well. The plates were then incubated for 20 min in the dark before 
stopping the reaction with 50 µL 3M H2SO4. Finally, optical densities (OD) were recorded at 492 
nm in a microplate reader (Model 550, BioRad®). The upper limit of negativity with 99% CL was 
obtained by positive value (cut-off) set at the mean OD value of the controls (basal group) plus two 
S.D. of the mean.  
 
3.5.3 Evaluation of serum antibody response against Yersinia ruckeri 
Serum antibody response against Yr was evaluated by indirect-ELISA following the same procedure 
described above for HGG-antibody evaluation, using as coating antigen 100 µL suspension of 1 X 
109 formalin-killed whole cells of Yr. Coating antigen was obtained cultivating Yr strain (ATCC) in 
Tryptone Soya Broth medium for 24 h at 25°C. Subsequently, bacteria were harvested by 
centrifugation at 5000 g for 15 min. The bacterial pellet was washed twice and resuspended in PBS. 
Finally, bacteria were inactivated with 0.7% formalin for 18 h at 4°C under gentle stirring. After 
three washing steps, the viability was checked in Tryptone Soya Agar plates. 
 
3.6 Bacteriology  
Head kidney from all dead fish were sampled with a sterile loop, spread on blood agar plates and 
incubated for 24-48 hours at 22±2°C. The culture plates were checked for bacterial growth for 2 
days at 22±2°C. Thereafter the isolate was biochemically characterized using a commercial 
identification system (API 20E, bioMérieux) .  
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3.7 Gross pathology 
Necropsy was performed on fish removed from each tank. The description of necropsy procedure is 
reported below .  
 
Description of necropsy procedure. Dead fish were first examined for external abnormalities or 
lesions that could include: poor body condition, exophthalmia, haemorrhaging within fins, body 
surface or body orifices (anus, nares, mouth), ulcerations, abrasions, rectal prolapse etc. Secondly, 
in order to expose the gills and examine gill chamber, the operculum was cut transversely and 
removed and gill abnormalities recorded. Then, fish were placed on their right sides to perform the 
subsequent steps of the necropsy procedure (fig 2). The abdominal cavity was entered by cutting 
into the abdominal wall at the base of the pectoral fin with a pair of small scissors (fig 3-4). The cut 
was continued dorsally to, just below, the lateral line where resistance was encountered. A second 
incision was done ventrally at the base of the pectoral fin and continued towards the posterior of the 
fish along the ventral abdominal wall. The first incision line (dorsal, along the lateral line) was 
connected with the second one (on the abdominal wall) and the flap of abdominal tissue was 
removed to expose the internal viscera and cavity (fig 5). When the procedure was done correctly 
both the air bladder and the gastrointestinal (GI) tract have to remaine completely intact. Finally the 
internal viscera (heart, liver and gall bladder, kidney, adipose tissue, spleen, air bladder, pyloric 
caeca and entire GI tract) were visually examined for abnormalities such as: fluid in the abdominal 
cavity (ascites), enlargement (hypertrophy), haemorrhage or erythema (fig 6). 
Tissue samples were collected for histological examination only from moribund fish. Fish that have 
been dead for several hours or longer were generally not suitable for histology due to post-mortem 
tissue autolysis.  
Gill, kidney, spleen, liver and gut were collected from necropsied fish and fixed in a 10% phosphate 
buffered formalin (pH 7.2-7.4). 
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Figure 2. External examination rainbow trout: lateral view. 
 
 
 
Figure 3. Internal examination: entry incision. 
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Figure 4. Internal examination: entry. The abdominal cavity is entered by 
cutting into the abdominal wall. 
 
 
Figure 5. Internal examination: a flap of abdominal tissue was removed to 
expose the internal viscera and cavity. 
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Figure 6. Internal examination: characterization of organ conditions. The 
internal viscera (heart, liver and gall bladder, kidney, adipose tissue, spleen, 
air bladder, pyloric caeca and entire GI tract) were visually examined. 
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3.8 Histological evaluation 
Formalin fixed tissues were processed in a routine manner for histopathological examination, cut at 
5-µm thickness, and stained with haematoxylin and eosin (H&E). Histopathological evaluation was 
performed on encoded slides. Histopathological changes in the liver and kidney were recorded and 
graded as follows: (-) absent; (+) minimal; (++) mild to moderate; (+++) severe. Changes in the gill, 
spleen and pyloric caeca were recorded for each individual fish but not graded. The prevalence of 
histopathological changes was calculated as a ratio between the total number of tissues with 
alterations per total number of tissues available for histological evaluation. 
 
3.9 Statistical analysis 
Results are presented as means ± standard errors (SE). Models were evaluated by ANOVA and 
differences between groups into date (time 0 vs pre; time 0 vs date – post). Contrasts were assessed 
by the Tukey-Kramer HSD (honestly significant difference) test. P-values <0.05 were regarded as 
significant.  
 
3.10 Morphometrical analysis of kidney macrophage aggregates (MAs) in rainbow trout 
Fish collection. Six groups of Yr infected fish were analyzed. Five fish randomly selected from each 
group were submitted to morphometric evaluation. Additionally five non infected fish have been 
used as control group 
Tissue processing. We collected samples from two different regions of the selected organ (kidney): 
head or anterior kidney; and posterior kidney. Removed samples were fixed in 10% buffered 
formalin and processed for routine histological examination. We prepared 2 sections (head and 
posterior kidney) for each organ. Individual sections were 5 µm thick and stained with H&E. 
Macrophage aggregates analysis. Quantitative MAs analysis was performed on at least 10 
arbitrarely selected, non-overlapping fields taken from each head and posterior kidney sections at 
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10x magnification with a Leica light microscope. We then used computerized image analysis (Lucia 
software, Nikon, Japan) for quantitative evaluation of MAs. Percent area occupied by MAs and 
MAs numbers in kidney sections were calculated from each captured field. Total screen area was 
also determined for calculating MAs per square millimeter. To perform quantification, 
representative MAs were selected based on the color (colors ranging from dark brown to black). We 
tried to exclude individual scattered macrohages from the final area occupied by MAs because they 
do not represent aggregates. Because aggregates are difficulty to define in salmonids, > than 2 
macrophages could be argued to comprise a MAs. Therefore, to be consistent with the classic 
definition of a macrophage aggregate as possible, individual cell were not quantified. However, area 
occupied by these cells was very small with a negligible effect on the average pigmented total areas. 
Statistical analyses. Means and Standard Error were calculated for each morphometric parameter 
considered. All data were inspected for normality. For the statistical analysis, logaritmic 
transformation was performed on original data. Tukey-Kramer HSD (honestly significant 
difference) test was run to determine whether there was a significant difference in each 
morphometric parameter among the groups. Probability (p) values less than 0.05 were considered 
significant.  
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 4. Results 
4.1 Clinical investigation and mortality records 
Signs of disease were not evident until day 2-3 post challenge. They include lethargy (ranging from 
mild to severe), skin darkening, abdominal distension and exophthalmia (fig 7). The mortality for 
all six treatment groups is summarized in table 2. Total mortality includes: fish that were found 
dead during the experiment and therefore removed from each tank, and fish that were found 
moribund (severe lethargy, hanging at the water surface or lying at the bottom of the tank) and 
euthanized. The percentages of total mortality decreased progressively in the groups challenged 
with different combination of HGG and FCA (A>B>C) and was the less relevant in group D (PBS). 
No mortalities were recorded after day 10 post challenge, up to the 14 day observation period in 
either of the groups. Neither mortality nor pathology was observed in both groups of vaccinated fish 
(group E and F) during the experiment (asymptomatic groups). 
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4.2 Immune indicators 
4.2.1 Selected innate immune parameters 
The results of the evaluation of selected innate immune parameters are summarized in tables 3 and 
4 respectively, where they are represented as mean values ± SE. 
Total serum protein concentration. At day 40 post immunization, except for the group injected with 
saline alone (group D), protein concentration values were higher if compared to the baseline ones, 
as shown in table 3. In particular, in groups B (FCA), C (HGG+PBS) and E (inactivated Yr and 
FCA) the differences were statistically significant (p  0.05). At day 54, inclusive of the 40 day post 
immunization period and 14 days after Yr challenge, only groups A (HGG+PBS+FCA) and B 
(FCA) showed statistically significant increased values (p < 0.05) compared to baseline ones. 
Groups D (PBS) and F (inactivated Yr) showed values almost equal to the basal reference value. 
After the bacterial challenge (day 54) group C (immunized with HGG) showed statistically 
significant decreased serum protein mean value. 
Serum albumin content. At day 40, serum albumin content was higher in all treatments groups 
compared with the basal one (pre-immune group). In groups C, B and E the differences with the 
pre-immune group were significantly different (p< 0.05). Group D showed mean value almost equal 
to the basal one. At day 54 (2 weeks after bacterial challenge) all groups (excepted group B) had 
serum albumin mean values that were lower than the baseline one. In particular groups C and F 
showed a statistically significant decrease of serum albumin mean values before (day 40) and after 
(day 54) the challenge. 
Serum globulin content. Although the differences were not statistically significant at day 40, all 
treatment groups showed serum globulin content mean values higher than the basal one. At day 54, 
the differences were statistically significant for groups A, B and E ( that have been previously 
injected with FCA either alone or associated with heterologous antigens). 
A/G ratio At day 40, no statistically significant differences were appreciated in the A/G ratio of 
different groups compared to the basal values. At day 54, 14 days after the Yr challenge, all the 
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treatment groups showed decreased values of the A/G ratio and these differences resulted 
statistically significant (p ≤ 0.05). The decrease of this ratio well correlates with the recorded serum 
albumin mean values. No statistically significant differences were observed in each treatment group 
before (day 40) and after (day 54) Yr challenge. 
 
Total immunoglobulin concentration. At day 40 post immunization, all treatment groups showed 
higher Ig mean values compared to the baseline ones (table 3). In groups B, C and E the differences 
with the basal mean value were statistically significant (p ≤ 0.05). Group D (treated with saline, 
PBS) only doubled the baseline values challenge while all other groups showed values that were 
more then the double of the baseline. Among different treatment groups, the higher Ig mean value 
recorded in group C (HGG+PBS) was statistically different from group A (HGG+FCA), D (PBS) 
and F (inactivated Yr). At the same time group D (PBS) showed the lower Ig mean value which was 
statistically different from groups C (HGG+PBS) and B (FCA). 
At day 54 post immunization (2 weeks after bacterial challenge) mean values of Ig concentration 
had a variable response as shown in Table 3. As observed at day 40 all groups showed higher Ig 
mean values compared to the basal ones; in groups A, B, C and E the differences were statistically 
significant. Group B showed the higher Ig mean value which resulted statistically different from 
groups D and F. The lower Ig mean value, recorded in group F, was almost equal to group D and 
resulted statistically different from groups B, A, C and E. No statistically significant differences 
were appreciated in the Ig concentration of different groups before (day 40) and after (day 54) 
bacterial challenge. 
 
4.2.2 Serum antibody response against human-γ-globulins (HGG) 
Serum antibody responses against HGG are shown in table 4. At 40 days post immunization both 
groups A (HGG+FCA) and C (HGG), had detectable elevations in specific antibody synthesis, even 
if only three of the sampled specimens of group C showed specific immunocompetence. Only group 
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A showed a statistically significant difference compared to the cut-off value (0,152). Antibody 
levels continued to increase until day 54 in group C, when four of the sampled specimens showed a 
detectable antibody synthesis. The differences between the higher anti-HGG antibodies mean value 
observed in group A and groups C were statistically significant both at day 40 and day 54 post 
immunization. The other groups (B, D, E and F) which did not received HGG in any of the 
combination for treatment, did not show detectable specific antibody titres. No statistically 
significant differences were observed among these groups neither at 40 days post immunization nor 
at day 54. Furthermore, no statistically significant differences were observed in each group before 
(day 40) and after (day 54) bacterial challenge. 
 
4.2.3 Serum antibody response against Yersinia ruckeri 
Adult trout immunized with inactivated Yr generate a measurable serum immune response against 
Yr as shown in table 4. At day 40 post-immunization, group E showed the higher specific (anti-Yr) 
antibody titre. The anti-Yr antibodies mean value observed in group F was almost equal to group E. 
Both group E and F had anti-Yr antibodies mean values significantly (p<0.05) elevated above the 
other groups (A, B, D, C) mean values. The differences between these groups (A, B, C, D) and the 
cut-off value (0,055) were not statistically significant. No statistically significant differences 
regarding anti-Yr antibody titre were observed in each treatment group before (day 40) and after 
(day 54) Yr challenge. 
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4.3 Bacteriological examination 
Yr was re-isolated from the kidney of all sampled fish from group A, 14 out of 16 sampled fish 
from group B, 11 out of 12 sampled fish from group C and 6 out of 8 sampled fish from group D. 
After incubation for 48 h at 25°C on blood agar, off-white, opaque colonies of approximately 2-3 
mm in diameter were manifested. The pathogen was subsequently identified as Yersinia ruckeri 
using biochemical characteristics.  
 
4.4 Gross pathological findings 
Group A 
Nineteen out of 32 trout from group A were submitted to necropsy. Pathologic changes were 
observed in a range of organ systems with variable prevalence. The predominant findings consisted 
of widespread petechial haemorrhages involving both the skin surface (fig 8) and internal organs, 
such as the liver, pyloric ceca, swim bladder, and abdominal adipose tissue (fig 9), as highlighted in 
table 5. Spleen enlargement was frequently observed (11 of 19 fish, 57% of prevalence). Moreover, 
almost all examined fish (18/19) had evidence of catarrhal enteritis. Affected fish showed distended 
stomach and intestine. The distal digestive tract was full of clear fluid with a whitish material 
having a mucoid appearance. Anal prolapsus was an additional finding and it was observed in 14 
out of 18 examined fish. (fig 10). 
Independently of type of lesion, prevalence of gross lesions in this group showed a wide variability, 
ranging from 11% to 94%, with a mean of 51,3 % These data show that almost half of fish 
stimulated simultaneously with HGG and FCA developed gross lesions, after infection, mainly 
represented by petechial haemorrhage in the liver, adipose tissue and swim bladder. 
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 Figure 7. Clinical signs and pathological changes in rainbow trout 
following Yr challenge. Rainbow trout from group A, 3 dpc, showing 
exophtalmia, skin darkening and lethargy, swimming close to the bottom 
of the tank. 
 
 
Figure 8. External haemorrhage around the anal area and at the base of 
ventral fins. Rainbow trout A12 dead 6 dpc. 
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Figure 9. Abdominal cavity; disseminated petecchial haemorrhage within 
the liver parenchima. Rainbow trout A5, dead 3 dpc. 
 
 
Figure 10. Anal prolapsus. Rainbow trout A1, dead 3 dpc. 
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 Group B. 
Sixteen out of 35 fish from group B were submitted to necropsy (table 5). About half of examined 
fish had evidence of external haemorrhage (fig 11). Disseminated haemorrhage involving organs 
within the abdominal cavity were also observed with an high prevalence (liver: 63 %; swim bladder 
and adipose tissue: 47 %, pyloric coca: 19%) (fig 12). Spleen enlargement, catarrhal enteritis and 
anal prolepsis were common findings observed with a prevalence of 44%, 87% and 81% 
respectively. 
Prevalence of gross lesion in this group showed a wide variability, ranging from 19% to 87%, with 
a mean of 52,6%.  
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Figure 11. External haemorrhage around the mouth. Rainbow trout B12 
dead 8 dpc. 
 
 
Figure 12. Abdominal cavity: congestion and haemorrhage in the liver. 
Mild exopthalmia. Rainbow trout B8, dead 4 dpc. 
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Group C 
Twelve out of 33 fish from group C were submitted to necropsy (table 5). The lesions observed in 
fish from this group exhibited similar pathological features to those described in group A and B 
with variable prevalence and grade of severity. Petechial haemorrhage within internal organs were 
the most common changes showing prevalence values ranging from 50% (liver) to 83% (abdominal 
adipose tissue). The third of examined fish had evidence of external haemorrhage. Spleen 
enlargement (fig 13), catarrhal enteritis (fig 14) and anal prolapsus were observed with a prevalence 
of 83%, 91% and 83%, respectively.  
Gross lesion prevalence showed values ranging from 26% to 91% with a mean 65,6%. In this 
group, more then half of the examined fish had evidence of gross pathological alterations. 
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Figure 13. Abdominal cavity, the spleen was dark and congested showing 
marked splenomegaly. Rainbow trout C4 dead 3 dpc. 
 
 
Figure 14. Abdominal cavity; severe, diffuse catarral enteritis. The 
digestive tract was dilated and filled with a withish opaque fluid material 
having a mucoid appareance.Rainbow trout C5, dead 4 dpc. 
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Group D 
Eight out of 35 fish from group D were submitted to a complete necropsy (table 5). Only a few 
number of examined fish showed macroscopic changes suggestive of disease. External haemorrhage 
involving the perioral area, the skin and lateral muscle were observed in a few numbers of fish 
(13% of lesion prevalence). Haemorrhagic lesions involving internal organs also showed a low 
prevalence (31% and 13 % in the liver and swim bladder, respectively). There was no evidence of 
gill pallor. The most common change was a catarrhal enteritis, varying from mild to moderate (62% 
of lesion prevalence). Overall the mean value of lesion prevalence in this group (23,3%) was, lower 
than the one recorded for the other groups (A, B and C). 
 
Group E and group F 
No mortalities were recorded in these groups. Five fish from both groups E and F were euthanized 
at day 54 and submitted to necropsy. Examined fish did not show apparent specific external lesions 
or pathomorphological changes involving internal organs. 
Gross pathological findings for each group are summarized in table 5. 
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4.5 Histopathological findings 
The overall score assessment to tissue lesion severity and prevalence of histopathological changes 
in the liver, kidney and gill for examined fish, for each group, are reported in tables 6, 7 and 8.  
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Group A  
Liver. Ten liver samples from group A were available for fistopathological evaluation. There were 
two main hepatic histopathological patterns occurring either alone or in combination. The first 
pattern was characterized by extensive sinusoidal congestion and distension, progressing to 
formation of multifocal blood-filled cavities and extravasation of eritrocytes in the parenchima 
(vascular changes) (fig 15-16). The second pattern was focal, multifocal or multifocal-to-coalescing 
hepatocellular coagulation necrosis characterized by cellular swelling, hypereosinophilia and loss of 
differential staining of cellular details (fig 17). Half of examined samples showed sinusoidal 
congestion. Haemorrhage were detected in 3 out of 10 samples. The assessed score vary from 
minimal (2/3) to moderate (1/3). Half of the examined fish had evidence of hepatic necrosis. 
Perivascular cuffing characterized by infiltration of mixed leucocytes population, was an 
uncommon finding (1 of 10) and it was graded as minimal. Vacuolar fatty degeneration was on the 
contrary recorded in all examined fish. Overall the liver alterations in this group were characterized 
by vascular changes, with minimal to mild intensity.  
Kidney. Ten samples from kidney were available for examination from group A. Two major 
histopathological changes were observed. The first was multifocal, sometimes coalescing-to-diffuse 
interstitial renal congestion and haemorrhage present in half of the samples . The second change 
was lympho/hematopoietic depletion present in 8 out of 10 samples, varying in severity from 
minimal (5/8), to moderate (3/8). A concurrent mononuclear cells proliferation (reticular endothelial 
system) was observed in 6 of 10 samples. Four of 10 examined fish had evidence of multifocal ialin 
droplets in the tubular epithelium of mild to severe intensity.  
Gill. Ten gill sample from group A were available for histological evaluation. Histopathological 
changes in the gill were characterized primarily by congestion (capillary dilatation at the base of the 
secondary lamellae) of the branchial vessels (10 of 10). Gill haemorrhage was a rare finding. 
Moreover, all submitted samples had evidence of lamellar oedema which appeared as a separation 
 70
of the respiratory epithelium from the pillar cells in the secondary lamellae (epithelial lifting) (fig 
18). Hyperplasia of interlamellar cells, which occasionally (2/10) resulted in fusion of secondary 
lamellae, could be observed in a few animals (4 of 10). There was no evidence of necrosis and 
exfoliation of lamellar epithelial cells. A few number of challenged fish (2 out of 10) occasionally 
showed gill arch filaments that were disorganized while in most cases secondary lamellae exhibited 
distortion and apical clubbing (fig 19). 
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Figure 15. Liver, mild congestion. Moderate sinusoidal congestion within 
the liver parenchima. Rainbow trout A16. H&E stain. Scale bar=100µm. 
 
 
Figure 16. Liver, severe congestion. Extensive sinusoidal congestion and 
distension progressing to formation of multifocal blood-filled cavities 
spaces. Rainbow trout A7 H&E stain. Scale bar=100µm. 
 72
  
Figure 17. Liver, necrosis. Focally extensive coagulative hepatic necrosis. 
Rainbow trout B9. H&E stain. Scale bar=100µm. 
 
 
Figure 18. Gill; epithelial lifting. Separation of secondary lamellar 
epithelium from the pillar cell due to lamellar oedema. Rainbow trout A5. 
H&E stain. Scale bar=100µm. 
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Figure 19. Gill, apical clubbing. Note a slight proliferation of interlamellar 
epithelium and apical clubbing. Rainbow trout A14. H&E stain. Scale 
bar=100µm. 
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Group B 
Liver. Eleven liver samples from group B were available for histological evaluation. Most of the 
examined fish had minimal (8/11) sinusoidal congestion and only a few fish moderate (2/11), 
occasionally severe (1/11), extensive haemorrhage. Locally extensive intraparenchimal necrosis 
was the most prominent finding and it was detected in 10 of 11 examined fish. Perivascular 
inflammatory infiltrate was detected only in 2 of 10 samples. Vacuolar fatty degeneration was 
observed with an high prevalence (63%) among necropsied fish . Overall the liver alterations in this 
group were characterized by necrotic changes, with minimal to mild intensity. 
Kidney. Minimal to mild renal congestion and/or haemorrhage were observed in 7 out of 11 kidneys 
samples. In addition there were a mild to moderate decrease in the number of lymphoid cells 
(10/11) and mononuclear cell proliferations (4/11). Ialin droplets in the tubular epithelium of the 
posterior kidney were observed in less then half fish (fig 20). 
Gill. Vascular changes characterized by congestion and focal-to-multifocal haemorrhage were 
detected in 7 of 11 and 1 of 11 fish, respectively. All submitted samples had evidence of lifting of 
the lamellar epithelium. The majority of fish (9/11) showed numerous gill arch filaments that were 
disorganized and in most cases secondary lamellae exhibited apical clubbing and distortion.  
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Figure 20. Posterior kidney, ialin droplets. Eosinophilic intracytoplasmic 
droplets in the tubular epithelium. Rainbow trout B12. H&E stain. Scale 
bar=100µm. 
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Group C  
Liver. Ten liver samples from group C were submitted for histological evaluation. Only one fish 
which died following the challenge did not have evidence of hepatic congestion; and only three fish 
did not have hepatic foci of extravased erythrocytes. Half of the fish (5/10) had evidence of hepatic 
necrosis which varied in severity from minimal (1/10) to moderate (4/10). Eighty % of examined 
fish had evidence of vacuolar degeneration within the liver parenchyma. Overall histological liver 
alteration parallels those of group A. 
Kidney. Ten kidney samples from group C were available for histological evaluation. Renal 
congestion and/or interstitial haemorrhage, graded from minimal to moderate, were detected in 5 
out of 10 and 1 of 10 fish, respectively. All submitted samples showed minimal (7/10) to mild 
(2/10) lympho/haematopoietic depletion (fig 21). Only a fish had evidence of minimal ialin droplets 
in tubular epithelium. 
Gill. Ten gill samples from group D were submitted to histological evaluation. Congestion of the 
branchial vessels and hemorrhagic foci were observed in 7 and 6 of 10 fish (fig 22), respectively. 
Lamellar oedema was observed in 9 of 10 fish, of minimal to mild entity. Minimal structural 
alteration of the secondary lamellae, such as apical clubbing and distortion, were observed in 6 of 
10 samples. 
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Figure 21. Anterior kidney, lymphoid depletion. Marked lymphoid 
depletion of the emo-lymphopoyethic interstitial tissue within the anterior 
kidney. Rainbow trout C4. H&E stain. Scale bar=100µm. 
 
 
 
Figure 22. Gill, extravasation of eritrocytes. Interstitial haemorrhage within 
the secondary lamellae. Rainbow trout D3. H&E stain. Scale bar=100µm. 
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Group D 
Liver. Seven liver samples from group D were available for histological evaluation. In most of 
examined fish (5/7) the liver was congested and haemorrhage were detected in 2 out of 7 fish. 
Minimal hepatocellular necrosis was observed in 2 out of 7 fish. Mild perivascular leucocytic 
infiltrate was detected in only one fish. About half of examined fish showed vacuolar degeneration 
within the liver parenchyma.  
Kidney. Seven kidney samples from group D were available for histopathological examination. The 
most prominent changes were focal to diffuse interstitial renal congestion and haemorrhage present 
in 3 of 7 fish. These vascular changes were graded as severe. There was a minimal depletion of 
haematopoietic renal tissue in 2 of 7 fish. As in group C only 1 fish had evidence of ialin droplet in 
the kidney. 
Gill. Seven gill samples from group D were submitted to histological evaluation. The lesions 
observed in the gill of examined fish from this group exhibited similar histopathological features, 
with similar prevalence, to the other groups 
 
Group E and F 
Five organ samples from both groups E and F were available for histological examination. Fish 
from these groups showed a similar pattern of histopathological changes varying in severity from 
mild to moderate  
Liver. The main histopathological changes observed in the liver were represented by congestion 
(3/5 from group E; 4/5 from group F), with focal extravasation of erythrocytes (2 out of 5 fish from 
group F). Among examined samples there was not evidence of focal necrosis or inflammation. Fatty 
vacuolization was locally extensive or diffuse (2 out of 5 samples from group E and 4 of 5 from 
group F) (fig 23). 
Kidney. Histological evaluation of kidney samples from dead trout showed alterations represented 
by congestion, mild to moderate (4/5 fish from group E; 4/5 fish from group F). Examined fish did 
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not have evidence of lympho/hematopoiethic depletion. Ialin droplets within the tubular epithelium 
were not observed (fig 24-25) 
Gill. The main abnormalities detected were represented by capillary congestion and lifting up of 
epithelial layer from the pilar cell. (fig 26). 
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Figure 23. Liver, normal,. Hepatocytes are arranged in cords lining 
capillary sinusoids. Rainbow trout E5. 
 
 
 
Figure 24. Anterior kidney. Reticular endothelial system of kidney tissue: 
aggregates of macrophages. Rainbow trout E5. H&E stain. Scale 
bar=100µm. 
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Figure 25. Posterior kidney showing normally distribuited tubular 
structures. Rainbow trout E5. (H&E stain, scale bar = 100 µm). 
 
 
Figure 26. Gill, normal architecture. Rainbow trout B16. H&E stain. Scale 
bar=100µm. 
 
4.6 Quantitative evaluation of macrophage aggregates (MAs) in the kidney 
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Head kidney. 
MAs area fraction (%). Fish from control (ctrl) group displayed the higher percentage of tissue 
occupied by MAs compared with all the other groups and the differences were statistically 
significant. Fish from groups E and F which did not show clinical signs of disease (healthy fish), 
displayed a higher percentage of pigmented area in the head kidney compared with groups A, B, C 
and D (table 9). Results of the Tukey analysis demonstrated a significant difference in the 
percentage of tissue occupied by MAs among group E and all the other groups, and between group 
F and groups crtl, A, B and C, but not with group D. There were no statistically significant 
differences in the percentage of tissue occupied by MAs among groups A, B and C, and all these 
groups had lower values than group D. 
MAs number/mm2. Ctrl group displayed the greatest mean values followed by groups 
E>C>F>D>B>A. Results of the Tukey analysis demonstrated that there were statistically significant 
differences between Ctrl group and all the other groups except for group E. Group E displayed a 
MAs number higher than all the other groups and the differences were statistically significant.  
Furthermore there were no statistically significant differences in the MAs number/mm2 between 
groups A and B and among groups B, D and F. 
Posterior kidney. 
MAs area fraction (%). In the posterior kidney fish from ctrl group displayed the greatest 
percentage of tissue occupied by MAs (fig 27) and the differences were statistically significant. 
Fish from groups E and F (healthy fish) displayed a higher percentage of tissue occupied by MAs 
than groups A, B, C and D (diseased fish) (fig 28). There were statistically significant differences in 
the percentage of tissue occupied by MAs between group F and all the other groups; and between 
group E and all the other groups except for group D. 
MAs number/mm2. The greatest mean value was observed in the ctrl group (the differences with all 
the other groups were statistically significant), followed by groups: F> E> D>C>B>A. There was 
no statistically significant difference between groups E and F; E and D, D and C (table 9).  
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 In all groups the percentage of tissue occupied by MAs and MAs number were higher in the 
posterior kidney than in the head kidney, and the differences were significant (table 10). 
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Figure 27. Example of a posterior kidney section at 10X magnification, 
showing an extensive accumulation of macrophage aggregates (MAs) in a 
clinically normal trout (ctrl group). MAs after software selecting of the 
pigmented area of interest (H&E).  
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Figure 28. Example of a posterior kidney section at 10X magnification 
showing very few macrophages aggregates in a diseased trout (rainbow trout 
A3). MAs after software selecting of the pigmented area of interest. (H&E). 
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5. Discussion 
 
Immunization regimen and challenge procedure. 
To our knowledge there are few reports on specific and aspecific immunisation of rainbow trout, 
and other salmonids species, against bacteria pathogens with subsequent testing of antibody 
response and subsequent protection against challenge (Kitao & Yoshida, 1986; Whittington et al., 
1994; Jia et al., 2000; LaFrentze et al., 2002). The present study investigates some immunological 
parameters and prevalence of pathology and lesion distribution in rainbow trout randomly assessed 
in different treatment groups, aspecifically (HGG and FCA injection) and specifically immunised 
(Yr commercial vaccine), and challenged with a selected strain of Yr.  
Clinical signs and mortality. Under the experimental conditions employed in the present study 
(fresh water at 12°C, bacterial strain, fish strain and challenge dose) Yr challenge via intraperitoneal 
(i.p.) injection resulted in a septicemic infection unexpectedly characterized by a higher rate of 
mortality in the control group (group D) than in the groups of fish aspecifically stimulated with 
HGG, FCA and PBS combinations (group A, B and C). All fish which died after i.p. challenge, 
showed clinical signs of infection. The most prominent external signs were those currently 
described as the major clinical sign of the “red-mouth disease”. Fish immunized with inactivated-Yr 
(groups E and F) did not showed clinical signs (asymptomatic groups) nor there was evidence of 
mortality among these groups. Signs of disease were not usually evident until 2-3 dpi and mortality 
among different groups did not occur before 3 dpi. We can hypothesize that at that time, bacteria 
had established a substantial internal infection causing mortalities among challenged fish. Mortality 
due to red-mouth disease in rainbow trout usually takes place in 5 to 10 days, depending on the size 
of the fish and the general health and stress condition of the population (Avci & Birincioglu, 2005). 
In this study, following the i.p. injection, mortalities first appeared at day 3 (groups A, B, D) and 
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day 4 (group C), and stopped at day 9-10 post-challenge. At this time was found that most tissues 
showed severe histopathological lesions. We speculate that the more rapid onset of the disease 
comparing to literature data might be due to stressful events such as the i.p. challenge. The injection 
or immersion methods are the most commonly used in research to challenge a host by a pathogen 
(Ogut & Reno, 2005). However, both methods are extremely stressful, often exaggerating the 
pathogen effect (Ogut & Reno, 2005).  
Evaluation of serum parameters. Forty days following the immunization treatment and after 2-week 
interval following Yr challenge, different serum haematological and immunological parameters of 
fish were evaluated.  
Serum innate parameters.  
Ig. Stimulation by FCA of non-specific components of the immune system, with resulting 
protection from pathogen challenge is well documented (Olivier et al., 1985; Adams et al., 1988), 
and, according to these studies, macrophage stimulation may be responsible for enhanced protection 
(Olivier et al., 1985). Another possibility is that the increase in total antibody induced by FCA 
might enhance protection (LaFrentze et al., 2002). Previous reports showed that fish injected with 
FCA alone had a total serum immunoglobulin (Ig) levels elevated above normal trout serum (Cain 
1997). This elevated response indicates that non specific stimulation may be very important and that 
this response, combined with a specific antibody response, might lead to complete protection 
against fish pathogens (LaFrentze et al., 2002). The present study have shown that groups treated 
with adjuvant alone (Group B), and adjuvanted Yr had serum total Ig level significantly elevated 
above the basal mean value. These results are controversial because a similar response was not 
observed in fish immunized with adjuvanted HGG. Therefore it seems unlikely that i.p. inoculation 
of FCA could be sufficient to cause significant changes in this parameter.  
Among the serum parameters evaluated, the A/G ratio decreased significantly in all groups two 
weeks after bacterial challenge. The reduction of A/G ratio seems due to both a decrease of albumin 
concentration and an increase of globulin concentration. This result reflects a decrease of the 
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general health status of fish not only in survived specimens of groups showing mortality and 
pathological lesions (groups A, B, C, D), but in fish of vaccinated groups (groups E, F), as well, in 
which neither mortality nor lesions were recorded. 
Evaluation on specific antibody response. ELISA methods were used to evaluate the humoral 
immune responses of rainbow trout to HGG and Yr. Although the difference between fish 
immunized with adjuvanted HGG and non-adjuvanted HGG was not significant, the strongest 
antibody responses, was obtained by using FCA as the adjuvant, whereas the group injected with 
the antigen dissolved in PBS gave a lower antibody response. Interestingly, despite previous data 
reporting that adult trout failed to respond to certain thymus-dependent antigens such as human 
gamma globulins (Etlinger et al., 1979; Alcorn & Pascho, 2002), the current study demonstrates 
that human gamma globulins can elicit, even if partially, a measurable immune response. In fact, 
among specimens receiving intraperitoneally only HGG (group C), three and four out of 10 trout 
sampled at 40 and 54 days from immunisation showed a specific antibody response, respectively. 
Therefore HCG might represent a suitable protein antigen for immunological study in rainbow 
trout. 
After immunization with inactivated-Yr the higher antibody titre was recorded in fish immunized 
with adjuvanted Yr (group E), even if the differences between groups E (inactivated Yr and 
adjuvant) and F (inactivated Yr) were not significant. The results obtained in this study seem to 
confirm the preliminary hypothesis that fish immunized with an antigen emulsified in FCA generate 
the strongest antibody response. Similar results have been shown by others when incorporating 
FCA into an emulsion with various antigens (Flechter & White, 1973; Harrel et al., 1975; 
Whittington et al., 1994; Cain et al., 2000; LaFrentze et al., 2002). 
Serological data presented in this study indicated that 40 days post challenge rainbow immunised 
with inactivated-Yr- alone or emulsified in FCA produced a measurable amount of circulating 
antibodies. Since neither mortality nor pathological alterations were detected in both groups of 
immunized fish (groups E and F), results presented here suggests that serum antibody plays a role in 
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conferring significant protection. The role of circulating antibodies in eliciting a protective response 
against Yr is controversial. Previous studies suggest that the protection against Yr is not dependent 
on circulating levels of serum agglutinins (Cipriano & Rupphental, 1987). This hypothesis is 
strengthened by passive immunization experiment (Cipriano & Rupphental, 1987). However 
recently has been reported that antibodies against Yr have been shown to be produced following 
vaccination and probably play a role in protection (Tobback et al., 2002), as further confirmed by 
this study. 
Pathomorphological findings. Pathological findings in challenged fish were described and both the 
severity and the prevalence of lesions among different groups were compared. The recorded 
macroscopic findings point to an acute disease characterized by a multisystemic involvement whose 
main features were skin darkening, exophthalmia, enteritis and disseminated haemorrhage both in 
the skin (external ecchymotic haemorrhage) and within internal organs. Paradoxically the severity 
of pathological findings was higher in fish that underwent aspecific stimulation with different 
combination of HGG, FCA and PBS as these inoculations were to be considered a stressor rather 
then a reinforcement for the fish immune system. A routine histopathological examination was 
carried out on internal organs to better characterise lesions caused by the disease.  
In the liver, fatty vacuolization within the hepatocytes was recorded with variable prevalence 
among treatments including groups E and F, and it was probably related to a metabolic common 
alteration due to dietary intake rather than represent a direct consequence of bacterial challenge. 
Necrosis, inflammation and vascular changes (congestion/haemorrhage) were on the contrary 
higher in prevalence and score assessment in fish that were not vaccinated with Yr thus most likely 
to be considered as specific damages due to infection The higher level of histopathological 
alteration observed in fish from groups A, B and C, compared to fish from group D, well correlate 
with the gross pathological findings. 
In the kidney, vascular changes were a common finding in all groups, included groups E and F, 
therefore considered to be non specific for Yr infection. The other histopathological alterations 
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included in the tissue score (haemorrhage, lympohematopoietic depletion, tubular ialin droplets), 
were only present in fish groups that were not vaccinated with Yr and might be seen as a direct 
subsequence of bacterial infection, being consistent with an acute septic infection characterized by 
a multyorgans involvement. The presence of eosinophilic droplets in the kidney tubular epithelium 
has been reported in both experimental and natural bacterial infections of rainbow trout (Ekman & 
Norrgen, 2003). This change might be related to lesion in the glomeruli with leakage of proteins 
and subsequent uptake of proteins by the renal tubular epithelium and/or cell disturbances in the 
tubular epithelial cells with hialinization of adsorbed proteins (Ekman & Norrgen, 2003). 
As for the liver alterations, kidney disturbances were more severe in groups that were challenged 
with HGG and FCA in various combination compared to fish that were challenged with only PBS 
(control groups). 
The range of gill alterations observed in this study included lifting of lamellar epithelium, 
congestion, locally extensive haemorrhage, mild proliferation of interlamellary cells and apical 
clubbing of the secondary lamellae Therefore, the most common change which was observed in 
almost all cases, was the lifting of the epithelium layer from gill lamellae due to lamellar oedema. 
This finding might be seen as a non specific response pattern which may have an adaptative or 
compensatory role, rather than a specific pathogen effect.  
In general, there was a strong correlation and association between the severity of gross and 
histopathological lesion and the onset of mortality. The higher severity of histopathological 
alterations detected in the group of fish immunized with both adjuvanted-HGG and non-adjuvanted 
HGG (groups A and C respectively), and FCA alone (group B) well correlate with the mortality 
records. Fish injected with saline alone (group D) showed the lower mortality rate and exhibited 
histopathological lesions within internal organ characterized by a less degree of severity if 
compared to the other groups. 
Based on the well known ability of FCA to enhance both antibody and cell mediated response in 
fish (Olivier et al., 1985; LaFrentze et al., 2002) and mammals (Wagland et al., 1996), when 
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planning the study, we hypothesized that in FCA-treated fish the development and severity of Yr 
infection might be resulted positively affected. It was quite surprising to notice that in the group 
injected with saline alone (group D) the level of mortality was lower than in FCA-treated fish 
(groups A and B) and the pathomorphological changes were comparatively less severe. We offer no 
convincing explanation for the observed effects of the FCA on the development of Yr infection. 
Hence, it is unlikely that “overloading” of the immune system may occur in FCA-treated fish, we 
speculate that when antigen is given in FCA, the potentially protective cells are attracted or retained 
at the inoculation site and are prevented from reaching the site of infection. Another possibility is 
that the treatment with FCA alone or with incorporated antigen represents such a stressful event that 
might reduce ability of defence mechanisms. 
The i.p. administration of HGG represents an additional factor that should be considered and that 
complicate the interpretations of these events. Although there is no report on the effects of the 
human gamma globulins on the fish immune system and subsequent protection against challenge, 
its immunomodulatory effects was reported in humans (Scott-Moncrieff & Reagan, 1997; 
Katzatchkine & Kaveri, 2001) and other mammals (Rahilly et al., 2006). 
Immunoglobulins play an important role in the maintenance of normal homeostasis in the 
immunocompetent individual (Rahilly et al., 2006). Human immunoglobulin is used as an 
immunomodulator and it is often part of primary therapy in patients with various autoimmune 
diseases ( Scott-Moncrieff & Reagan, 1997; Katzatchkine & Kaveri, 2001). 
The specific interactions of Human imunoglobulins at the cellular and molecular level are complex 
and remain under investigation (Scott-Moncrieff & Reagan, 1997; Katzatchkine & Kaveri, 2001). 
Proposed mechanisms include blockade of Fc receptors on macrophages and effector cells, down 
regulation of antibody production, direct neutralization of autoantibodies by anti-idiotypes, 
inhibition of lymphocytes proliferation, and regulation of inflammatory mediators (including 
complement and cytokines (Scott-Moncrieff & Reagan, 1997; Katzatchkine & Kaveri, 2001; 
Rahilly et al., 2006). Other potential mechanisms of action include an influence on the production 
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of autoantibodies by B cells, complement fixation, T-cell cytokine release, and anti-idiotype 
antibody binding (Rahilly et al., 2006). The current study showed that the i.p. inoculations of HGG 
in healthy trout negatively affected the immune responses against a bacterial pathogen. We 
speculate that the inoculation of human gamma globulins in healthy fish may lead to a suppression 
of the immune response mechanisms, even if further studies are required to confirm or refute this 
hypothesis. 
Preliminary morphometrics of kidney macrophage aggregates (MAs) in clinically normal and 
Yersinia ruckeri- infected rainbow trout.  
Preliminary data for the comparison of morphometric findings between clinically normal and 
diseased fish were of interest. As suggested in some papers (Fournie et al., 2001; Russo & Yanong, 
2007) it is important to first characterize the “normal” baseline of MAs morphometry for the 
specific fish population of interest using fish from a control group. After this baseline has been 
estabilished it can be used to determine variations that may correlate to environmental factors or 
fish health (Russo & Yanong, 2007). In this study we observed in the control group the greatest 
percentage of tissue occupied by MAs and the highest number of MAs, both in the head and in the 
posterior kidney. Results from statistical analysis demonstrated that the differences with all the 
other treatment groups of fish were statistically significant (p<0.05).  
Moreover we observed that both the percentage of tissue occupied by MAs and the MAs number 
were higher in groups E and F (healthy fish) than in the other groups (A, B, C and D) of diseased 
fish. The morphometric variations found in the MAs support the theory that MAs dynamics in 
healthy and sick fish may be different and might be influenced by many factors (Wolke 1992; 
Russo et al., 2007). Variations in the percentage of tissue area occupied by MAs indicate stress on 
the physiological homeostatic mechanisms of the fish, and therefore an alteration in the health 
status of the fish (Fournie et al., 2001). The reduction in MAs observed in Yr infected and diseased 
fish could be associated with a decreased phagocytic activity, with consequent decrease in melano-
macrophage centres. Studies on the relationship between status of MAs and infectious diseases, 
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however, have reported conflicting results. Some authors report an increase of MAs in association 
with the cellular response to a variety of infections (Roberts 1975; Roberts 1976), while others 
recorded the opposite (Russo et al., 2007). Agius & Roberts (2003) also suggested that increases in 
pigment content are also suggestive of catabolic, toxic or otherwise stressful events. The utility of 
MAs as a histopathological bioindicator or biomarker has been criticized by some researcher as 
being too non-specific; others consider that too many variables are involved in alteration of MAs 
parameters to be of value (Fournie et al., 2001).  
The image analysis software we employed was accurate and efficient in quantifiing the area 
occupied by MAs pigments in the kidney of rainbow trout. Evaluation of MAs in salmonids has 
been largely ignored due, presumably, to difficulties in quantifying these poorly organized 
structures present in these fish (Agius & Roberts, 2003). Moreover, manual counting of MAs is 
potentially ambiguous in salmonids, depending on the definition of MAs, and is clearly time-
consuming. We addressed this problem using the area occupied by MAs pigments rather than direct 
manual count of MAs, and used image analysis to quantify the pigmented area. The selected color 
selected ranged from dark brown to black, precisely the colors respresenting MAs pigments in H&E 
stained sections. The method we employed to automate pigment selection was as efficient as 
performing the pigment selection by hand. False positive selection of colors was not observed. Most 
of the investigators have used area occupied by MAs pigments rather than number of MAs 
aggregates to possible assess the health status of wild fish populations (Agius & Roberts 1981; 
Schwindt et al., 2006). Only a few of them (Fournie et al., 2001) has added the number of MAs per 
square millimeter as an additional parameter. In this study, we quantified both the area occupied by 
MAs and their number/mm2. 
Our results indicate that:  
• quantitative MAs pigments evaluation is applicable for salmonids, and potentially, for other fish 
species that do not display easily discernible MAs; 
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• the kidney is a suitable organ for MAs analysis even if it might be appropriate to perform a 
differenciate sampling of the head and posterior kidney. In fact our study higlighted that there 
are some differences in both the percentage of tissue occupied by MAs and in the number of 
MAs between head and posterior kidney in the same fish; 
• variations in the MAs morphometry may be used to monitor fish health.  
• further studies are needed to determine the significance of increased versus decreased values of 
MAs area and number since data collected until now are still rather conflicting. 
 
Conclusions: This is the first report on the immunomodulatory effects of human gamma globulins 
emulsified in FCA in rainbow trout and subsequent protection against bacterial challenge. Results 
show that the fish immune response might be negatively affect by injecting this protein either alone 
or adjuvanted, by studying the effects of challenge with Yersinia ruckeri. Further investigation on 
other immunoactive peptides for disease prevention in aquaculture is warranted. 
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